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A coirmand  controller  is  synthesized  and  wind  tunnel  tested.  This  controller 
is  a good  approximation  to  time  optimal  with  surge-stall,  TT4,  and  nameout 
constraints.  Small-amplitude  control  responses  are  precise.  There  is  strong; 
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APPENDIX  A 

COMPONENT  model  SOFTWARE 


Software  models  of  the  J85  engine  are  presented  in  this  appendix.  Two  com- 
puter programs  are  discussed: 

• Linearization 

• Nonlinear  engine  simulation 

Fortran  listings  of  the  two  programs  are  presented  in  Tables  A-1*  and  A -2. 
Both  programs  wci-e  written  for  the  SDS-9300  computer. 

The  linearization  program,  discussed  in  the  first  part  of  this  appendix,  was 
used  to  generate  linear  engine  models  for  the  synthesis  of  linear  optimal 
controllers  reported  in  Section  IV  of  Volume  I. 

The  nonlinear  engine  simulation  package  is  discussed  in  the  second  half  of 
this  appendix.  This  computer  program  is  basically  a Fortran  vei  sion  of  the 
J85  NASA  component  model  of  Reference  A-1. 

LINEARIZATION  PROGRAM 

The  function  of  this  program  is  to  generate  linear  models  of  the  J85  engine. 

A Fortran  listing  of  the  program  is  presented  in  Table  A-2  and  discussed  in 
the  following  paragraphs. 


♦For  the  convenience  of  the  reader,  all  figures  and  tables  are  provided  ac 
the  end  of  each  appendix. 


The  disecssion  is  divided  into  four  sections  which  correspond  with  the  main 
parts  of  the  program: 

• Trim  point  calculation 

• Engine  dynamics 

• Linearization 

• Input  data 

Trim  point  calculations  are  discussed  in  the  first  subsection,  labeled  Trim 
Routine,  where  steady-state  set  points  for  the  engine  are  computed.  This 
section  of  the  program  calculates  the  fuel  flow  required  to  maintain  the 
nominal  operating  condition  specified  by  the  input  parameters.  Trim  values 
of  engine  responses  are  also  calculated  in  this  subjection. 

Engine  dynamics  are  discussed  in  the  next  subsection.  A nonlinear  dynamic 
model  of  the  engine  is  contained  in  a subroutine  called  DYNAMIC.  The  model 
is  a reduced  ordex*-version  of  the  NASA  component  model  of  Reference  A-1. 
All  gas  dynamics  have  been  removed  from  the  model  so  that  it  contaiiia  only 
two  states,  spool  speed  and  engine  case  temperature. 

The  linearization  procedure  is  presented  in  the  third  subsection  of  this 
appendix,  under  Linearization  Routine.  Engine  dynamics  are  linearized 
about  a steady -state  trim  point. 

Input  data  are  discussed  in  the  last  subsection.  Two  sets  of  data  are  required 
to  run  the  program.  One  set  defines  the  nominal  operating  conditions,  i.  e. , 
steady-state  spool  speed,  geometry  control  positions,  compressor  inlet 
pressure,  and  rotor  torque  load.  The  other  set  contains  steady-state  engine 
component  data,  i.  e. , compressor  stage  data  and  turbine  map  data. 
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Compiitations  in  the  linearization  program  proceed  in  the  following  order. 
First,  engine  component  data  are  read  in.  Then  input  parameters  defining 
the  nominal  operating  condition  are  read.  Next  a steady-state  trim  point 
corresponding  to  the  input  parameters  is  computed.  Finally,  a linear  model 
of  the  engine  is  obtained  by  lineardzing  the  iionlinear  engine  dynamics  about 
the  trim  point. 

Trim  Routine 

This  section  of  the  program  generates  steady-slate  trim  solutions  of  the 
engine  dynamic  equations.  Liputs  to  the  routine  include  steady-state  spool 
speed  (N),  geometry  control  position  (IGV,  BLD,  Ag).  compressor  inlet 
pressure  and  temperature  (P^,  T^),  i»xhaust  nozzle  discharge  pressure  (Pg), 
and  external  rotor  torque  load  (SPLC).  Given  this  set  of  inputs,  the  program 
iteratively  computes  a steady-state  operating  point.  The  computational  pro- 
cedure is  summarized  in  the  next  paragraph. 

First,  steady-state  values  of  the  eight  input  parameters,  N,  Ag,  IGV,  BLD, 
P^,  T^,  Pg,  and  SPLC,  are  read  in.  Then  initial  guesses  for  fuel  flow  (WF), 
burner  temperature  (TB),  txmbine  discharge  preesvire  (PT),  and  inlet  airflo^v 
(W^)  are  made.  Steady-state  values  of  these  four  parameters  are  iteratively 
computed  in  four  nested  iteration  loops.  Steady- state  values  of  all  of  the 
other  engine  variables  are  computed  closed  form. 

Computations  in  the  routine  proceed  in  a manner  rnalogous  to  the  path  fol- 
lowed by  a particle  of  air  entering  the  inlet;  i.  e.  , the  compressor  section  is 
trimmed  first,  followed  by  the  burner,  the  turbine,  and  finally  the  nozzle 
section. 

The  compressor  is  modeled  by  the  stage  stacking  technique.  Each  stage  is 

P T 

individually  represented  by  a pair  of  experimental  functions  (\j/  . 4^  ) which 
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are  used  tc  compute  the  pressure  rise  and  temperature  rise  across  the 
stage.  Airflow  through  the  stage  is  computed  from  the  steady-state  con 
tinuity  relation. 


^i-1 

^i-1 

Wi-1 


P. 


T. 

1 


W. 

1 


ith  stage 


n = pl-1-  Vl] 


W,  = W 


i-1 


The  stages  are  interconnorted,  or  stacked,  to  form  the  compressor  model 
where  the  discharge  conditions  of  one  stage  are  the  inlet  conditions  of  the 
following  stage.  Compressor  bleed  (BLD)  and  inlet  guide  vane  (IGV)  effe  cts 
are  included  in  the  appropriate  stages. 


Thuc,,  steady-state  values  of  all  the  compressor  variables  can  be  computed 
closed  form  from  a knowledge  of  the  input  parametei  N,  IGV,  BLD, 

T^,  and  W^.  All  of  these  inputs  are  specified,  except  for  inlet  airflow  (W^). 
This  variable  is  computed  iteratively  in  the  outer  iteration  loop. 


Burner  performance  is  represented  by  three  experimental  relations,  preo- 
suro  drop  across  xhe  burner  {L  PB),  burner  enthalpy  (HB),  and  burner  effi- 
ciency (tig),  together  with  the  steady-state  continuity  relation.  The  pressure 
drop  across  the  combustor  is  a function  of  compressor  discharge  pressure 
(PCD),  burner  inlet  airilow  (WB),  compressor  discharge  temperature  (TCD) 
and  burner  temperature  (TB). 


t 

1 


I 

-f 
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(A-2) 


APB  = fj  [PCD.  WB,  TCD,  TB] 

Burner  enthalpy  is  con^puted  from  a real  gas  experimental  relationship 
which  is  a function  o?'  burner  temperature  (TB),  burner  airflow  (WB)  and 
fuel  flow  (WF). 

HB  = fg  [TB.  WB,  WF]  <A-3) 

Combustor  efficiency  is  defined  as  the  portion  cf  the  heat  of  combustion  that 
is  available  for  a gas  temperatiire  rise.  It  is  computed  from  an  experimental 
correlation  of  the  form 

= fg  CPB  • ATB]  (A-4) 

where 

PB  = PCD  + APB 
ATB  = TB  - TCD 

These  tliree  fur*ctions,  fj,  fg,  and  fg,  are  functions  of  the  three  burner  var- 
iables, WB,  TB,  and  WF.  One  of  these  parameters,  WB,  is  computed 
closed  form  (from  the  continuity  relation) , as 

WB  = V/CD  - WTC  (A-5) 

where  WTC  is  airflow  which  is  blod  from  the  compressor  to  cool  the  turbine. 

The  other  two  parame+ers,  TB  and  WF,  are  computed  iteratively  in  the 
inner  two  iteration  loops. 

The  turbine  is  modeled  by  two  performance  maps,  together  with  the  steady- 
state  continuity  relation.  Turbine  enthalpy  drop  (uHT)  and  turbine  airflow 
(WT)  are  represented  as  functions  of  burner  temperature  (TB),  burner 
pressure  (PB),  spool  speed  (N),  and  turbine  pressure  ratio  (PH.^.). 
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HT 


(A-6) 


= [N.  TB.  PR^3 

WT  = fg  CN.  TB.  PB.  PR.J.] 

These  functions  cannot  be  evaluated  until  the  variable  PR.p  is  computed. 
Although  WT  is  established  by  the  continuity  relation 

WT  = WB  + WF  (A-7) 


PR.J,  cannot  be  obtained  cloned  form  because  the  second  function,  , can.;ot 
be  inverted  to  solve  for  PR.^, . Th\is,  PR,p  is  calculated  in  the  third  iteration 
loop. 


The  exhaust  nozzle  is  represented  as  a variable  area  flow  passage  capable 
of  choking.  The  mathematical  relation  is 


WNVrr  . 

PT 


KNA8 . Ag 


(A-8) 


where 


This  expression  is  used  to  compute  the  nozzle  airflow  (WN). 


Compressor  Inlet  airflow  (W^)  is  systematically  changed  In  the  outer  itera- 
tion loop  until  the  nozzle  airflow  computed  from  the  above  relation  agrees 
with  nozzle  airflow  computed  from  the  steady-state  continuity  relation 


WH  = WT  + WTC  (A -9) 

Details  of  the  trim  routine  are  presented  in  the  flowchart  of  Figure  A-1. 


6 


I 


First,  the  input  variables  N,  Ag,  IGV,  BLD,  P^,  T^,  Pg,  and  SPLC  are 
read  in.  The  last  variable,  SPLC,  is  a fictitious  external  torque  load  ap- 
plied LO  the  rotor  shaft.  If  this  variable  is  set  to  zero,  the  routine  will 


i 


si 


i 


1 


identify  a steady- state  operating  point  on  the  engine  equilibrium  line.  Non-  | 

zero  values  of  SPLC  cause  the  routine  to  identify  qmsi-steady-state  operating  | 

points  off  of  the  equilibrium  line.  Quasi-steady  state  means  that  both  N = 

• • 

constant  and  N « constant;  the  nonzero  N is  balanced  by  the  external  torque  i 

lead  SPLC.  | 

i 

Then,  initial  guesses  of  fuel-to-air-ratio  in  the  burner  (FAB),  burner  ! 

i 

temperature  (TB),  and  inlet  aivflow  (W^)  are  made.  The  parameter  FAB  is  i 

defined  as  ' 

FAB  « WF/WB  (A-10) 

Thus,  guessing  a value  of  FA73  is  equivalent  to  guessing  fuel  flow. 

Next,  the  integer  vai  iables  which  coxmt  the  number  of  iterations  are  initial- 
ized to  zero.  The  variables  are  defined  as : 

ITERl  — number  of  iterations  of  the  loop 

ITER2  --  nvnber  of  iterations  of  the  PT  ''oop  j 

ITERS  - - number  of  iterations  of  the  TB  loop  ! 

A counter  is  not  assigned  to  the  inner  loop,  the  WF  iteration.  The  variable 
III  is  a switch  which  is  maintained  as  zero  during  the  iteration  process  and 
set  equal  to  one  when  all  loops  have  converged. 

In  the  next  section  of  the  program  steady-state  compressor  variables  are 
computed.  Individual  calculations  are  made  for  each  compressor  stage;  the 
outlet  conditions  of  one  stage  are  inlet  conditions  of  the  next  stage. 


First,  the  pressure  at  the  outlet  of  the  inlet  guide  vanes  is  computed  from 
the  equation 


'AgV  = *“o  • ™IOV  - “O' <*-"> 

where  the  IGV  press\ire  ratio  (PEj^y)  is  calculated  as  a function  of  spool 
speed. 


^^IGV  “ ^^IGV 

Temperature  and  airflow,  which  are  constant  across  the  inlet  guide  vanes, 
are  computed  as 


T = T 
^IGV  ^o 


W, 


(A-12) 

IGV  “ 

The  outlet  conditions  of  the  inlet  guide  vanes  are  the  inlet  conditions  of  tlxe 
first  compressor  stage.  Airflow  in  the  first  compressor  stage  is  computed 
from  the  continuity  equation 


WCi  = Wj^y  (A-13) 

This  airflow,  together  with  Tj^y  and  are  used  to  compute  the  axial 

component  of  velocity  in  the  stage: 


-■  V 


Cwc, 


IGV' 


P ] 
^ICV* 


which  in  turn  is  used  to  compute  the  flow  coefficient 


(A-14) 


0 


1 


V /N 
*1 


(A-15) 
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The  constant  in  this  expression  is  a function  of  the  geometry  of  the  stage. 
Next.,  pressure  rise  and  temperature  rise  coeflicie  its  are  determined  from 

i<t>y  IGV] 

(A-16) 

IGV] 


Not<!  the  effect  of  inlet  guide  vane  position  is  included  in  the  first-stage  coef- 
ficients. Finally,  the  pressure  and  temperature  at  the  outlet  of  the  stage 
are  computed. 


^<=1  = PiGV-  ( ‘ 

(A-17) 


The  constant  K, 
VT 

the  first  stage. 


in  these  expressions  is  also  a function  of  the  geometry  of 


Pressure,  temperature,  and  airflow  in  the  other  compressor  stages  are  com- 
puted in  the  same  manner  as  the  first-stage  data.  Calculations  for  the  second 
and  third  stages  are  shown  explicitly  in  the  Figure  A-1  flowchart. 

Compressor  bleed  effects  are  included  in  the  third,  fourth,  and  fifth  com- 
pressor stages.  Bleed  airflow  in  the  third  stage  (WBLg)  is  computed  from 
the  relation 


WBLg  = KBLDg  . BLD  • PCg/  TCg  (A-18) 

where 

KBLDg  is  the  bleed  flow  coefficient 

BLD  is  the  bleed  area 

PCg  is  the  third-stage  discharge  pressure 

TCg  is  the  third-stage  discharge  temperature 
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The  third -stage  bleed  airflow  Is  subtracted  from  tlie  third -stage  inlet  air- 
flow (WCg)  to  determine  the  inlet  airflow  to  the  fourth  stage  (WC^) 

WC4  = WCg  - WBLg  (A-19) 

Bleed  effects  in  the  fourth  and  fifth  stages  are  evaluated  in  the  same  way. 

Compressor  discharge  relations  are  evaluated  at  the  end  of  the  compressor 
simulation  section.  The  pressure,  temperature,  and  airflow  at  the  com- 
pressor discharge  are  the  values  at  the  outlet  guide  vanes. 


PCD 

^OGV 

TCD 

“ '^OGV 

(A-20) 

WeD 

“ ^OGV 

Compressor  discharge  enthalpy  (HCD)  is  evaluated  as  a function  of  TCD  from 
a real  gas  model, 

HCD  = HCD  CTCD]  (A-21) 


Finally,  the  net  change  in  airflow  times  enthalpy  across  the  compressor  is 
evaluated. 


A(WH)cd 


WCD  • HCD  + Cp(WBLg'  TCg+WBL^-  TC^+WBLg-  TCg) 

(A-22) 


- c • W . T + SPLC 
poo 


This  change  is  proportional  to  the  compressor  torque  load  on  the  rotor  shaft. 


\ 


i 


1 
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Next,  steady-state  airflow  into  the  burner  (WB)  is  evaluated  as 

WB  = WCD  - WTC  (A-23) 

where  WTC  is  airflow  which  is  extracted  from  the  compressor  discharge  to 
cool  the  turbine. 
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Then  a test  is  made  to  determine  if  ITERl  equals  one.  If  ITERl  = 1, 
indicating  that  this  is  the  first  pass  throxxgh  the  iteration  loop,  an  Initial 
value  is  assigned  to  turbine  discharge  pressure  (PT). 

PT  = 0.  35  PCD  (A-24) 

If  ITERl  > 1,  the  routii.3  goes  directly  to  step  2 since  a value  for  PT  has 
already  been  calculated  in  this  case. 

Turbine  inlet  airflow  is  then  computed  from  the  steady-state  continuity  rela- 
tion 


WTqld  " WB(1+FAB)  (A-25) 

This  is  the  sum  of  burner  inlet  airflow  and  fuel  flow. 

Next,  the  three  experimental  relations  which  model  burner  performance  are 
evaluated.  First,  the  pressure  drop  across  the  burner  is  computed 

APB  = (0.  771  TCD  - 0.  85  TB)  (A-26) 

where  KB  is  a constant.  Pressure  losses  due  to  both  fluid  friction  and 
momentum  changes  from  the  addition  of  heat  are  included  in  this  expression. 

The  pressure  at  tlie  burner  discharge  <PB)  is 

PB  = PCD  - APB  (A-27) 

Next,  burner  efficiency  ri^  is  evaluated  as  a function  of  the  parameter 
PBDTB  where 

PBDTB  = PB  (TB  - TCD)  (A-28) 
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Burner  efficiency  is  defined  as  the  portion  of  the  heat  of  combustion  that  is 
available  for  a gas  temperature  rise.  Finally,  burner  enthalpy  (HB)  is 
determined  from  the  real-gas  functional  relationship 

HB  - HB  [FAB,  TB]  (A-29) 

The  Figure  A-1  flow  chart  shows  that  turbine  enthalpy  drop  (AHT)  is  actually 
calculated  between  the  computation  of  burner  efficiency  and  burner  enthalpy. 
Turbine  enthalpy  drop  is  determined  from  experimental  turbine  data,  i.  e. , 

fromj^^g,  and  Thus  the  enthalpy  drop  is 

AHT  = . N . ^fTB  (A-30) 

At  this  point  in  the  routine,  sufficient  data  are  available  to  recalculate  turbine 
inlet  airflow  from  the  heat  equation  as  applied  to  the  burner.  The  heat  equa- 
tion specifies  that  under  steady  flow  conditions 

^BURNER  ^ ^BURNER  ' ° 

The  amoimt  of  heat  which  enters  the  burner  must  equal  the  heat  which  exits 
from  the  burner.  In  terms  of  the  parameters  previously  identified 

= (WH)^^, 

or  (A-31) 

WB  . HCD  + Wf  • . Tij,  = (WB+Wj)  . HB 

This  equation  is  solved  for  the  term  (WB  + WF)  which  is  the  burner  discharge 
flow.  The  result  is 


WTj 


^^FUEL  ' ’^B  “ 


(A-32) 
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where  V/Tj^  ■ (WB  + Wf)  i®  the  burner  dis^hirge  or  turbine  inlet  airflow. 
Note  that  fuel  flow  does  not  appear  explici;.iy  in  this  equation,  but  rather  as 


the  difference  WTj  - WB. 


n 


Next,  the  difference  between  turbine  inlet  airflow  as  determined  from  the 
heat  equation  (WTj)  and  as  deterrxiined  from  the  continuity  relation  (WTqj^q) 
is  computed.  The  result  is  termed  turbine  airflow  error, 


ERROR 


IWTi  - WToldI 


The  magnitude  of  this  error  is  the  convergence  criterion  for  the  fuel  flow 
iteration  loop.  If  | s 0.0005,  the  iteration  loop  is  converged. 

If  IwTjjj^PqjjI  > 0.  0005,  fuel  flow  is  updated  according  to  *l.c  following 
scheme; 

WTqlD  = 1/2(WTolO -tWT,) 

WF  * '^'^OLD  ‘ (A-34) 

FAB  = WT/WB 

and  the  routine  is  returned  to  step  4.  The  fuel  I'.ow  iteration  continues  until 
the  criterion  I^Tgj^j^QpI  « 0.  00C5  is  stnsfied, 

Aftei  the  fu*l  flow  iteration  converges,  ti  e airflow  out  of  the  turbine  is  com- 
puted. This  airfluvv  Is  called  the  nozzle  airflow,  WN. 

WN  = WT,  +WTC  (A-35) 


' ' 


It  is  assumed  that  the  cooling  airflow,  WTC,  is  added  back  into  the  flow  at 
the  turbine  discharge. 
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Next,  tnzblne  enthalpy  Is  computed  from  the  equation 
WT.(HB  - AHT)  + WTC  • HCD 

HT  * i (A-36) 

Then  the  steady- state  rotor  torque  relation, 

^ ^TC«QUE  " ° 

is  used  to  recalculate  burner  enthalpy.  The  airflow-enthalpy  change  across 
the  compressor  is  subtracted  from  the  airflow- enthalpy  change  across  the 
turbine  to  determine  the  net  rotor  torque. 


^TORQUE  ^^^^^TURBINE  ‘ ^^^^^COMPRESSOR  = 0 
This  equation  is  solved  tor  a new  estimate  of  burner  enthalpy,  called  HBj^. 

+ WN  . HT  - WTC  • HCD 

HBj^  = (A-37) 


The  difference  between  burner  enthalpy  as  calculated  from  the  above  equation 
(HBp)  and  burner  enthalpy  as  previously  determined  from  the  real  gas  model 
(HB)  is  termed  burner  temperature  error. 


"^^ERROri  ' ^®R  ' 


(A-38) 


A non-zero  value  of  indicates  that  the  buimer  temperature  estimate, 

TB,  is  inaccurate.  The  magnittide  of  this  error  is  the  convergence  criterion 
for  the  TB  iteration  loop.  If  * 0.0005  the  iteration  is  converged; 

if  I I > 0.0005  the  estimate  of  burner  temperature,  TB,  is  updated 

and  the  routine  returns  to  step  3. 


The  change  in  TB  depends  on  the  algebraic  sign  of  If  HB^^  is 

greater  than  HB.  TB  is  increased,  if  Hi5j^  is  less  than  HB,  TB  is  decreased. 
The  magnitude  of  the  change  in  TB,  called  ATB.  is  regulated  in  the  routine 
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such  that  if  the  algebraic  sign  of  changes  in  successive  iterations, 

the  step  size  is  halved.  This  procedure  guarantees  convergence. 

Flow  conditions  in  the  exhaust  nozzle  are  computed  after  the  TB  iteration  is 
converged.  First,  the  nozzle  pressure  ratio  is  evaluated 

PRn  = ^ (A-39) 

where  Pg  I®;  discharge  pressure  at  the  nozzle  exit. 

The  flow  condition  in  the  nozzle  is  determined  by  the  magnitude  of  If 

PRj^  > 1,  ambient  pressure  is  greater  than  nozzle  pressure  and  thus  zero 
flow  is  assumed.  If  PRj^  < 0.  528,  ihe  nozzle  is  choked  and  if  0.  528  < 

PRj^  < 1,  the  nozzle  is  unchoked.  A nozzle  coefficient  is  assigned  depend- 
ing on  the  flow  condition. 

Kj^Oz  = 0 if  ^ f^*^w 

*^NOZ  = 0.2588  if  PRj^  > 0.  528,  choked  flow  (A-40) 

■^NOZ  =(||)  ’"Vl  -|^ 

Next,  turbine  airflow  is  recalculated  from  experimental  turbine  data  which 

WT*  TR  PT  N 

is  a correlation  of  the  three  parameters  "Hj-p  , ‘SS’.  tFq  • Turbine 

..’i  * IrlD  t J3  1 ij 

airflow  computed  from  this  data  is 


■y-1 

y 


if  0.  528  < PRjj  < 1.  unchoked  flow 


WT, 


WT.  TBl  N-PB 


N'PB 


TB 


(A-41) 


The  symbol  WTg  is  used  to  differentiate  this  airflow  from  the  two  expres- 
sions for  turbine  airflow  previously  obtained,  WTqj^j^  and  WT^. 
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The  difference  between  WTg  and  WT^  is  then  computed. 


**'^ERROR  " ^”^2  " 


(A-42) 


This  error  is  called  turbine  pressure  error  because  a mismatch  between 
WTg  Sind  WTj  indicates  that  turbine  pressure  is  not  correct.  The  magnitude 
of  this  error  determines  if  the  iteration  on  PT  is  converged.  If  I ^'^erROR^ 
s 0.  0005,  the  iteration  is  converged.  If  | ^'^ej^ror  ^ ^ estimate 

of  PT  is  updated  and  the  routine  returned  to  step  2 for  smother  iteration. 


The  sdgebraic  sign  of  ^"^eeROR  value  of  PT  is  adjusted. 

^ ERROR  positive,  the  value  of  PT  is  increased;  and  if  ^’'^^eRROR 
negative,  PT  is  decreased.  Mechanization  of  the  PT  iteration  is  identical 
to  the  TB  iteration  (refer  to  Figure  A-1  flow  chart). 


Following  the  convergence  of  the  PT  iteration,  the  turbine  temperature  (TT) 
is  evaluated  as  a function  of  turbine  enthalpy  (HT)  and  fuel-to-siir  ratio  in  the 
turbine  (FAT).  Turbine  temperature  is  then  used  to  recompute  nozzle  air- 
flow from  the  isentropic  relation 


WNx  - 


KNA8  . > PT  ♦ A, 

^TT 


(A-43) 


The  constant  KNA8  is  a contraction  coefficient  which  is  a function  of  spool 
speed.  The  subscript  X on  WN  is  used  in  this  expression  to  differentiate 
between  the  nozzle  airflow  computed  here  smd  the  nozzle  airflow  previously 
computed  from  the  continuity  relation,  WN. 


The  difference  between  WN^^  and  WN  is  then  computed 

'^ERROR  ' - WN  (A-44) 
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This  error  is  a measure  of  the  accuracy  achieved  by  the  outer  loop  i+jration 
for  inlet  airflow,  W^.  If  ERROR  ^ ^ iteration  is  sufficiently 

converged.  If  > 0.0005.  the  value  of  W is  updated  and  the 

routine  returns  to  step  1.  Inlet  airflow,  W^,  is  increased  if  is 

positive  and  decreased  if  is  iiegative.  The  logic  associated  with 

this  iteration  loop  is  identical  to  the  logic  used  in  the  TB  and  PT  iterations. 


Logic  for  the  trim  completion  switch  III  is  also  found  in  this  section  of  the 
routine.  The  switch  controls  printout  of  results  obtained  from  intermediate 
steps  in  the  program.  Until  all  four  iteration  loops  have  converged  to  with- 
in the  specified  tolerances,  the  value  of  III  is  zero.  Once  the  loops  have  all 
converged,  HI  is  set  eqtial  to  one  and  the  routine  is  sent  back  to  the  begin- 
ning. station  1.  Values  of  the  parameters  of  interest  are  then  printed  out 
during  this  final  pass  through  the  iteration  loops. 


Dynamic  Subroutine 

This  section  of  the  program  computes  derivatives  with  respect  to  time  of 
spool  speed  (N)  and  case  temperature  (TM)  given  the  following  set  of  initial 
conditions:  compressor  inlet  pressure  and  temperature  (P^T^),  nozzle 
discharge  pressure  (Pg),  current  spool  speed  (N),  current  case  temperature 
(TM),  fuel  flow  (W^),  and  geometry  control  positions  (Ag,  IGV,  BLD). 

The  structure  of  this  routine  closely  parallels  tha.t  of  the  TRIM  routine. 
Computations  begin  at  the  engine  inlet  and  proceed  through  the  engine  to  the 
exhaust  nozzle.  Parameters  associated  with  the  compressor  section  are 
evaluated  first,  followed  in  order  by  burner,  turbine  and  finally  exhaust 
nozzle  parameters. 

Initial  conditions  are  specified  by  the  nine  input  parameters,  P^.  T^,  Pg.  N, 
TM,W.,  A„,  IGV,  and  BLD,  Initial  estimates  of  turbine  pressure  (PT),  inlet 

I O 
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airflow  (W^).  arid  bur  ner  efficiency  (r)^^)  are  also  required.  Actual  values 
of  these  three  parameters,  PT,  and  Tig,  are  computed  iteratively  in  the 
subroutines. 

The  compressor  is  modeled  by  the  s&me  set  of  mathematical  relations  which 
are  included  in  the  TRIM  routine.  Inputo  to  the  compressor  section  include 
spool  speed,  inlet  parameters  W^,  P^,  and  T^,  and  comprescor  geometry 
control  positions  IGV  and  BLD.  Steady-state  pressure  and  temperature  rise 
maps  are  used  to  compute  individual  stage  parameters.  The  stages  are 
stacked  to  form  the  compressor  model;  i.  e. , the  discharge  conditions  of  one 
stage  are  the  inlet  conditions  or  the  next  stage.  Flow  conditions  at  the  com- 
pressor discharge  are  defined  in  terms  cf  pressure  (PCD),  temperature 
(TCD),  airflow  (WCD),  and  enthalpy  (HCD). 

Steady-state  burner  performance  is  modeled  by  the  same  three  experimental 
relations  which  are  included  in  the  TRIM  routine.  Two  of  these  relations 
are  used  to  compute  burner  temperature  (TEB)  and  burner  pressure  (PB). 

The  third  relation  Is  used  in  an  iteration  loop  to  determine  burner  efficiency 
(TIb^* 

Thermal  capacitance  effects  are  Included  at  the  end  of  the  burner  section. 

The  rate  of  change  of  temperature  of  the  engine  case  metal  is  calculated  from 
the  equation 


^’m  " '^TM 

where  TM  is  the  average  temperature  of  tlie  metal  and  is  a constant  of 
proportionality  (a  function  of  thermal  ccndactivity  and  geometric  measure- 
ments). The  tempei'ature  of  the  gas  discharged  from  the  burner  (TB)  is 
computed  from 

TB  = TEB  - ■ TM  (A-46) 
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where  K,pg  is  a constant  similar  to  Note  that  In  thermal  equilibrium 

these  equations  reduce  to 

TEB  = TM  = TB 

Turbine  and  exhaust  nozzle  performance  are  also  modeled  by  the  steady- 
state  relations  which  are  included  in  the  TRIM  routine.  These  functions  re- 
late nozzle  airflow  (WN),  turbine  temperature  (TT),  turbine  enthalpy  drop 
&HT),  and  turbine  airflow  (WT)  with  spool  speed,  burner  disf'harge  pressure 
and  temperature  (TB  and  PB),  nozzle  area  (Ag),  and  ambient  nozzle  pres- 
sure (Pg). 

Rotor  dynamics  are  considered  at  the  end  of  the  nozzle  section.  Angular 
acceleration  of  the  rotor  shaft  is  computed  as  a function  of  enthalpy  change, 

K . r.A(WH>~  - 

N - — i- isiL  (A-47) 

where  A(WH),p  is  the  airflow  » enthalpy  change  across  the  turbine,  and 

is  the  airflow  ' enthalpy  change  across  the  compressor.  Kj^  is  a 
constant  relating  rotor  speed  in  radians  per  second  to  rotor  speed  in  revolu- 
tions per  minute. 

Inlet  airflow  (W^)  and  turbine  discharge  pressure  (PT)  are  computed  iterativ-.  - 
ly  in  the  last  section  of  the  program.  A gradient  search  procedure,  Newton's 
method,  is  used  to  find  and  PT  since  they  cannot  be  obtained  directly 
from  the  model  equations. 

A flow  chart  of  the  DYNAMIC  subroutine  is  presented  in  Figure  A-<i.  Details 
of  the  procedure  ere  discussed  in  the  following  ps.ragi  aphs. 

First,  the  initial  conditions  P , T , P„,  N,  TM,  W-,  Aq,  IGV  u ?d  BLD  ard 

O O O I o 

initial  estimates  W , PT,  and  Tix-  are  read  in.  These  variatles  are  obtained 

O jj 

either  directly  from  the  TRIM  routine  or  from  a previous  call  to  this  sub  - 
routine. 
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Then  the  iteration  loop  counters  are  initialized.  Both  ITERl  and  ITER2 
are  set  to  zero.  ITER2  counts  the  number  of  outer  locp  iterations  and 
ITERl  is  a loop  counter  within  the  gradient  search  prccedure. 

Compressor  variables  are  computed  in  the  next  section  of  the  program.  The 
compressor  model  included  in  this  subroutine  is  identical  to  the  model  in- 
cluded in  the  TRIM  routine. 

Inputs  to  the  compressor  section  include  inlet  conditions  W^,  P^,  and  T^ 
and  compressor  geometry  control  positims  IGV  and  BLD,  Discharge  air- 
flow, WCD,  pressure,  PCD,  temperature,  TCD,  and  enthalpy,  HCD,  are 
evaluated  in  the  model.  Details  of  tlie  c>)mpressor  simulation  nre  shown  in 
the  Figure  A -2  flow  chart  and  discussed  in  the  TRIM  routine  dcoumentation. 

Next  burner  inlet  airflow  is  computed  from  the  contiriuity  relation 

WB  s WCD  - WTC  (A-48) 

where  WTC  is  the  airflow  which  is  extracted  from  the  compressoi  discharge 
airflow  to  cool  the  turbine  vanes.  The  fuel-to-air  ratio  in  the  burner  is 
also  evaluated, 

FAB  = Wj,/WB  (A-49) 

Burner  enthalpy  is  calculated  from  the  heat  eqiiation. 

HB  = HCD  + • rig  • FAB  (A-50) 

The  term  • rig  • FAB  is  tlie  enthalpy  incr'jase  due  to  burning  of  the 

fuel.  The  current  value  of  burner  efficiency,  rig,  is  also  stored  as  the  var- 
iable in  tb<  j step. 

^0 


20 


* 1 

The  time  derivative  of  burner  case  temperature,  TM,  is  determined  in  the  j 

neict  step  from  the  thermal  capacitance  model:  j 

i 

t 

t 


First,  the  combustion  temperature  of  the  gas  is  computed  as  a function  of  i 

FAB  and  HB,  > 

TEB  - TEB  [fab,  HB]  (A-51)  | 

I 

. I 

Then  the  rate  of  change  of  case  temperature,  TM,  is  computed  from  the  heat  I 

transfer  relation,  Equation  (A-45):  | 

t 

TM  * • (TEB  - TM) 

The  constant  is  a function  of  the  thermal  properties  of  the  case  mater- 
ial and  the  term  (TEB  - TM)  is  the  temperature  gradient  at  the  gas-metal 
interface.  Finally,  the  temperature  of  the  gas  discharged  from  the  burner 
is  computed  from  Equation  (A-46): 

TB  = TEB  - K.j,g  • TM 
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K,pg  is  a constant  In  this  equation.  Note  that  if  the  burner  is  not  in  thermal 
equilibrium,  i.  e. , TM  ^ TEB,  the  temperature  of  the  gas  discharged  from 
the  burner,  TB,  will  not  equal  the  combustion  temperature,  TEB. 

Btimer  pressure  is  calculated  in  the  next  step. 

K„  . WB^ 

PB  = PCD  - (0.771  TCD  - 0.  085  TB)  (A-52) 

This  relation  was  also  used  to  calculate  burner  pressu**:  hi  the  TF.tM  routine. 

Then  the  value  of  burner  efficiency  is  recalculated  from  the  experimental 
data  relating  efficiency  to  the  variables  PB,  TB  and  TCD. 

rig  = Tig  [PB  (TB  - TCD)]  (A-53) 

The  updated  value  rig  is  compared  with  the  previous  value  rig  to  determine 

if  the  burner  simulation  is  converged.  If  tlie  error  I Tig  - rig  | is  less  than 

E-10,  the  routine  proceeds  to  the  turbine  simulation.  If  | Tig  ■ rig  | is 

greater  than  E>10,  rig  Is  replaced  by  rig  and  the  routine  returns  ?o  step  2. 

o 

The  first  parameter  calculated  in  the  turbine  section  is  turbine  inlet  airflow, 
WT.  It  is  computed  from  the  continuit,y  relation 

WT  = WB  + WF  (A-54) 

Fuel-to-alr  ratio  in  the  turbine  is  also  computed  at  this  time, 

FAT  =WF/(WT  + WTC)  (A-55) 

Note  that  the  turbine  cooling  airflow,  WTC,  has  been  added  to  turbino  inlet 
airflow  in  this  equation, 
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Next,  turbine  inlet  airflow  la  recalculated  from  the  experimental  data  re- 
lating airflow  with  turbine  pressure  ratio,  burner  temperature,  and  spool 
speed. 


WT  , WILlXB  fj2X  -g^]\  (A.s 

^^CAL  TB  *1  N.PB  [PB'V^J/ 

The  subscript  CAL  is  attached  to  this  airflow  to  differentiate  between  it  and 
turbine  airflow  computed  from  the  continuity  i*elation. 


The  difference  between  WT^^j^  and  WT  is  then  taken. 


^’^ERROR 


* WT 


CAL 


- WT 


(A-57) 


The  variable  name  is  assi'^pied  to  this  difference  because  it  repre- 

sents an  error  in  the  estimation  of  turbine  discharge  pressure,  PT,  This 
error  is  used  in  the  gradient  search  portion  of  the  program  to  obtain  a better 
estimate  of  PT. 


Nozzle  airflow,  WN,  is  computed  from  the  continuity  relation  in  the  next 
step, 


WN  » WT  + WTC  (A-58) 

This  parameter  is  used  to  evaluate  turbine  enthalpy,  HT,  from  the  heat 
equation, 


HT  = WT(HB  - AHT^-^WTC  • HCD 


(A-59) 


where  turbine  enthalpy  drop,  AHT,  is  obtained  from  the  experimental  rela- 
tion 


AHT 


.£X 
PB  * 


(A-60) 
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Turbine  temperature  Vi  then  computed  from  the  real  gas  relation 


TT  = TT  [FAT,  HT] 


(A-61) 


Airflow  in  the  exhaust  nozzle  is  computed  in  the  next  subsection.  First, 
the  pressure  ratio  acrcss  the  nozzle  opening  is  computed. 


pRn 


(A-62) 


The  value  of  this  coefficient  determines  if  the  nozzle  is  choked,  imchoked  or 
operating  under  conditions  of  reversed  flow.  This  information  is  conveyed 
to  die  nozzle  airflow  equation  through  the  coefficient 


^‘NOZ  “ ^ ^ reversed  flow 

Kno2  “ 0.2588  if  PRj^  < 0. 528,  choked  flow  (A-63) 


K 


NOZ 


Al'V: 


PT 


y-1 

y 


if  0.  528  < PHjg  < 1,  normal  flow 


Reversed  flow  Is  not  allowed  in  the  simulation.  If  PRjj  > 1*  nozzle  airflow 
is  set  to  zero  by  assigning  ~ 


After  the  no-zle  coefficient  is  computed,  nozzle  airflow  is  recalculated  from 
the  isentropic  relation 


KNA8 • K 


WN 


CAL 


NOZ 

TT 


PT 


(A-64) 


This  expression  is  also  used  in  the  TRIM  routine.  The  subscript  CAL  is 
used  to  differentiate  between  nozzle  airflow  computed  from  the  continuity 
relation,  WN,  and  airflow  computed  from  this  expression,  WN— . . . 
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Next,  the  difference  between  WN 


and  WN  is  calculated 


CAL 


*ERHOH  • "«CAL  ' <A-65) 

The  name  assigned  to  this  difference  since  it  represents  the 

error  in  the  estimation  of  inlet  airflow,  W^.  This  error,  together  with 

^^ERROR*  used  in  the  gradient  search  procedure  to  obtain  better  esti- 

mt’tes  of  the  parameters  W and  PT. 

o 

« 

Rotor  acceleration,  N,  is  computed  next  from  the  conservation  of  angular 
momentxun. 

N = — i (A-66) 
N 


The  S3rmbols  A(WH)^  and  represent  the  airflow  • enthalpy  changes 

across  the  turbine  and  tne  compressor  respectively.  They  are  defined  as 

A(WH)^  = WT  • AHT 

«WH)cd  - HC.T  • WCD  - Op  . T„  . 

+ c (WBLj  . TCj  + WBL^  • TC^  + WBLj  . TCj) 

Finally,  the  errors  and  are  interrogated  to  determine 

if  the  outer  Iteration  loop  on  the  parameters  PT  and  is  converged.  If  the 
magnitudes  of  both  errors  are  less  than  the  maximum  allowable  error,  e, 
the  iteration  is  converged  and  the  subroutine  returns  to  the  main  program. 

If  the  test  is  not  passed,  new  estimates  of  the  parameters  PT  and  are 
computed  by  Newton'*'  method  and  the  subroutine  starts  over  at  step  1. 
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In  Neyrton's  method  the  k+1  gradient  step  is 


^k+l  = zk  _ )-l 


[z“3 


■ Cz‘^3 


(A-68) 


where  _Z  is  the  vector  of  unknowns  and  h is  tne  vector  of  errors.  Thus  the 
k+1  estimate  of  Z is  comp.Tted  from  the  kth  estimate  of  2.,  the  value  of  the 
error  function  ^ evaluated  a.  Z , and  the  gradient  of  the  error  function  7h 

tp 

evaluated  at  Z . In  terms  of  the  parameters  PT.  W^,  ^"^ERROR 
^ERROR  vectors  Z,  h and  7h  are 

= CPT.  w^3 

ERROR'  ^ERROR^ 


7h  ^ 


ERROR 

6PT 


6W. 


ERROR 


(A-69) 


Since  the  partial  derivatives  in  7h  cannot  be  computed  analytically,  they  are 
approximated  by  finite  difference  equations  in  the  computer  program.  For 
example. 


ERROR 


[PT  +6PT,  W„]  - PT, 


^Cpt-^pt,  w^3 

(A-70) 


Thus,  both  poeiUve  and  negative  perturbations  in  the  imknown  variable  PT 
are  considered.  Similar  expressions  could  be  written  for  the  other  partial 
derivatives. 
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The  gradient  calcvilation  consists  of  five  intermediate  steps.  In  the  first 
step,  the  errors  in  the  h vector  arc  evaluated,  and 

The  partial  derivatives  with  respect  to  PT,  ^PT^j^j^Qj^/aPT  and 
^^ERRQR^^^o'  computed  in  the  second  and  third  steps.  These  calcula 
tions  require  two  steps  because  both  positive  and  negative  perturbations  in 
FT  are  considered.  The  other  two  partial  derivatives, 
and  are  evaluated  in  the  final  two  steps.  New  estimates 

of  PT  and  are  also  obtained  in  the  last  step  from  the  equation 


“ “ 

— - 

- 

PTg 

PT 

^^ERROR 

ERROR 

apT 

o 

) 

1 

°S 

Wo 

+ 

^Werror 

5pt 

^Werror 

o 

^ _ 

^ _ 

_ 

^"^ERROR 

'’'^ERROR 

(A-71) 


where  the  subscript  S is  used  to  denote  the  updated  values. 

The  actual  calculations  performed  in  the  subroutine  are  presented  hi  the 
Figure  A -2  flow  chart  beginning  with  the  computation 

ITERl  = ITERl+1 


Logic  which  differentiates  between  the  five  steps  of  the  gradient  procedure 
is  provided  through  this  variable. 


In  the  first  step  (ITER1  = 1),  nominal  values  of  the  errors  and 

Werror  stored  vmder  the  names  F and  G.  Then  the  nominal  value  of 
PT  is  increased  by  the  amount  APT  and  the  routine  is  sent  back  to  location 
number  1. 
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In  the  second  step  (ITER1=2),  new  values  of  the  errors  and 

^ERROR  ^ positive  perturbation  in  PT  are  stored  as  FX^  and 

GX ..  Tlien  the  current  value  of  PT  is  decreased  by  the  amount  2APT  and 
the  routine  is  sent  back  to  location  1.  This  is  eqaivalent  to  decreasing  the 
nominal  value  of  PT  by  APT. 

New  values  of  the  errors  and  evaluated  for  a negative 

perturbation  in  PT  are  stored  as  FX_  and  GX_  in  the  third  step  (ITER1=3). 
The  partial  derivatives  with  respect  to  PT  are  evaVoated  from  the  finite 
difference  approximations. 


aPT 


ERROR  4 


aPT 


W FX  = 


(FX_^  - FX_) 
2 APT 


W 


ERROR  A QX  - 


PT 


(GX^  - GX_) 
2APT 


(A -72) 


Then  PT  is  returned  to  its  nominal  value  by  adding  API’  to  the  current  value, 
and  the  nominal  value  of  is  increased  by  AW^.  Finally,  die  routine  is 
sent  to  location  1. 


Partial  derivatives  with  respect  to  are  evaluated  in  steps  four  and  five 
in  the  same  manner  as  derivatives  wifi  respect  to  PT  were  obtained  in 
steps  two  and  three.  The  resulting  finite  difference  apyiroximations  are 


^^ERROR  A 


(FY^  - FY_) 
2AW^  " 


^^ERROR  A 

aw^ 

o 


GY 


(GY_^  - GY_) 
2AW 

o 


(A-73) 
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These  partial  derivatives,  together  with  the  nominal  errors  F and  G,  are 
then  used  to  compute  the  incremental  gradient  step  defined  by 


(-F  . GY  + G • FY) 

B 

(A-74) 

(-G  • FX  -t-  F • GX) 

D 

where  APTg  is  the  incremental  change  in  PT  and  AWog  is  the  incremental 
change  in  W^.  The  symbol  D represents  the  determinant  of  the  partial 
derivative  matrix 

D = FX  • GY  - GX  • FY  (A-75) 

Before  the  g adient  step  defined  by  the  increments  APTg  and  AWog  taken, 
the  magnitude  of  the  increments  is  tested  and  reduced,  if  necessary.  First 
the  magnitude  of  APTg  is  tested. 

I APTgl  < 2APT 

If  this  test  is  failed,  the  magnitudes  of  both  APTg  'ind  AWog  are  reduced  by 
the  ratio,  2APT/|APTg|  . 

This  adjustment  reduces  only  the  magnitude  of  the  gradient  step;  the  gradient 
direction  is  preserved.  If  | APTg|  is  smaller  than  2 APT,  this  adjustment  is 
bypassed. 

The  magnitude  of  AWog  is  also  tested  in  a similar  manner.  If  I AWog  I is 
greater  than  2AW^,  the  gradient  step  is  further  reduced  by  the  ratio, 

2AW^/|  AWogI . If  I AWogI  is  smaller  than  2AW^,  this  magnitude  adjustment 
is  bypassed. 


APTc 


AW. 
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1 

s 


I 

Finally,  the  current  values  of  PT  and  are  updated, 
PT  = FT  + APTg 

I = W„  + AW^ 


(A -76) 


the  counter  ITERl  is  reinitialized,  and  the  routine  is  started  anew  from 
location  nvunber  1. 


Linearizer 


This  section  of  the  program  extracts  linear  models  from  the  nonlinear 
engine  model.  Inputs  to  the  progTam  include  steady-state  spool  speed  (N), 
steady-state  engine  case  temperature  (TM),  fuel  flow  (W^),  geometry  con- 
trol positions  (Ag,  IGV,  BLD),  inlet  pressure  and  temperature  (P^,  T^), 
exhaust  nozzle  discharge  pressure  (Pg)»  and  perturbation  step  size  (DPERT), 
The  nonlinear  engine  model  is  linearized  about  the  equilibrium  operating 
point  defined  by  the  first  nine  input  parameters.  The  tenth  input  parameter 
(DPERT)  determines  the  magnitude  of  the  perturbations  considered  in  con- 
structing the  linear  model. 

The  linear  models  obtained  are  of  the  form 


Ax  = FAx  + GlAu  + G2Ar| 
Ar  = HAx  + D1  Au  + D2  Aq 


(A-77) 


where  x is  the  state  vector,  u is  the  control  vector,  r|  is  the  disturbance 
vector,  r is  tlie  response  vector  and  F,  Gl,  G2,  H,  Dl,  D2  are  coefficient 
matricies.  The  A symbol  is  used  in  these  eqt  ations  to  em{diasiise  the  feict 
that  the  linear  models  represent  perturbations  from  equilibrium  operating 
conditions. 
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Engine  variables  included  in  the  x,  u,  tj,  or  r vectors  are; 


= N (spool  speed) 

TM  (engine  case  temperature) 


---  WF  (fuel  flow) 

IGV  (inlet  guide  vane  angle) 

Ag  (exhaust  area) 

BLD  (compressor  bleed  position) 

= (inlet  pressure) 

(inlet  temperature) 

Pg  (exhaust  nozzle  discharge  pressure) 

= PCD  (compressor  discharge  pressure) 
PT  (turbine  discharge  pressure) 

TB  (burner  temperfiture) 

TT  (turbine  discharge  temperature) 


(A-78) 


It  should  be  noted  that  additional  variables  can  be  added  to  the  respo'ise 
vector  by  the  user,  if  desired.  The  x,  u,  and  t)  vectors  cannot  be  enlarged 
as  they  already  contain  all  the  states,  controls,  and  disturbances  which  are 
included  in  the  nonlinear  engine  model. 

Coefficients  in  the  matrices  F,  Gl,  G2,  H,  D1  and  D2  are  computed  in  the 
program  by  a procedure  based  on  the  linearization  method  described  in 
Reference  A -2.  Briefly,  the  procedure  consists  of  expanding  the  nonlinear 
engine  model  represented  by  the  nonlinear  matrix  functions  f and  h. 


X = f(x,u,r,> 
r = h(x,u,Ti) 


(A-79) 
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in  a Taylor  series  about  the  equilibrium  operating  point  defined  by  the  steady- 

state  input  parameters  N,  TM,  WF,  A„,  IGV,  BLD,  P , T„  and  Pq,  This 

o o O O 

equilibrium  point  is  denoted  as  u^.  r|^).  No+e  that  substitution  of  these 
variables,  and  into  the  nonlinear  system  equp.tions  gives 


'•’o'  = ^o  " ° 

MXq,  u^,  ti  ; = r^ 


(A -80) 


The  result  of  the  Taylor  series  expansion  is 


nx.u.rig)- 


bh 


bh 


(A-87) 


h(x,u.T,J  - “ Fx’^VV’^o'^''^ 


bu  ''‘o'  o' ''o' 


which  is  equi-alent  to  the  linear  representation  of  Equations  (A -77)  if  the 
following  definitions  are  made. 


Ax 

A • 

= X 

- X^  = f(x,U,Tl)  ■ 

■ 

Ar 

^r- 

= h(y  ! ■!])  - 

MXq, 

P( 

; : ,u  ,r.  ) 

dx 

0 O 0 

G1 

oTl 

'V“o-''o> 

G2 

A bf 
' 3ti 

(A- 82) 
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i 

t-  ~ 


= ||<vV’'o> 


Thus  the  coettlcient  matricles  are  actually  matriciefi  of  partial  derivatives 
evaluated  a-';  the  equilibrium  point.  For  example,  the  F matrix  is 


^ 1 


it.  if,  8t, 

<WV  al^<VV''c> 


bf,  afj 


^ ' 


<VV%^  ^ ^ <vv%^ 


where  n is  the  dimension  of  the  state  vector,  x. 


Written  in  terms  of  engine  variables,  this  matrix  is 


9N  ^W’^o^  BTM  ^*o'%'’^o^ 


5TM  u „ , ilM  . ..  _ 

3N  'V  o'^^o'  BTM  'V  o'^^o 


Similar  expressions  could  be  written  for  the  other  coefficient  matrices. 


Since  the  partial  derivatives  in  these  matrices  cannot  be  evaluated  analyti- 
cally, they  are  computed  from  finite  difference  approximations  in  the  com- 
puter program.  The  method  is  Illustrated  below  for  the  (1,  1)  element  in  the 
F matrix. 


3fl 


.v’'o>  ■ 'i**!  • 'V’lo’ 

I f\  ' ^ 


2 Ax, 


(A -85) 


Thus  the  procedure  involves  evaluating  the  nonlb lear-dependent  function 
Cf]^(x,  u,n)  in  the  example]  for  small  perturbations  in  the  independent  variable 
(AXj^)  about  the  equilibrium  point  Both  positive  and  negative 

perturbations  In  the  Independent  variable  are  considered.  The  results  are 
averaged  to  compute  the  final  answer. 

In  the  notation  used  in  the  computer  program,  the  partial  derivatives  asso- 
ciated with  the  coefficient  matrices  are  denoted  as 

dDX.  DX2.  - DXl. 

J J 

where 

Dx'^  = (N,  t'm,  PCD,  PT,  TB,  TT) 

X'^  = (N,  TM,WF,  IGV,  Ag,  BLD,  T^,  Pg) 

Thus  the  engine  variables  associated  with  the  nonlinear  functions  f and  h 
(i,  e. , time  derivatives  of  the  states  and  responses)  are  lumped  together  in 
the  DX  vector.  The  independent  variables  (1.  e. , states,  controls,  and 
disturbances)  are  lumped  together  in  the  X vector.  The  symbol  DX2  is  used 
in  these  equations  to  denote  the  DX  vector  evaluated  for  a positive  perturba- 
tion in  X..  Similarly,  DXl  denotes  the  DX  vector  evaluated  for  a negative 

•I 

perturbation  in  X^, 


t 

I 
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computations  in  Ihe  program  proceed  in  the  following  order.  First,  all  the 
derivatives  with  respect  to  are  computed. 


hDK. 

i = 1,  2,  ...  NXR 

SXi 

where  NXR  is  the  dimension  of  the  DX  vector.  Then  all  the  derivatives  with 
respect  to  Xg  are  computed, 

3DX. 

i = 1.  2,  ...  NXR 


This  procedure  continues  until  all  the  derivatives  have  been  computed.  The 
last  set  evaluated  is 


apx^ 

^^NXUE 


i <=  1.  2,  ...  NXR 


where  NXUE  is  the  dimension  of  the  X vector. 


A flowchart  of  the  linearization  program  is  presented  in  Figure  A-3.  This 
flowchart  corresponds  to  the  portion  of  the  fortran  listing  beginning  at 
statement  number  511  In  the  main  program  (see  listing  in  Table  A-2). 

First  the  paiameters  N,  TM,  Wj,  IGV,  Ag,  BLD,  P^,  T^  and  Pg  specifying 
the  operating  point  are  input.  These  variables  are  obtained  from  the  TRIM 
section  of  the  main  program. 

Then  the  perturbation  step  size  DPERT  is  read  in.  The  units  on  DPERT 
are  percent. 
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Next  the  integer  variable  J which  corresponds  to  the  subscript  j in  Equa- 
tion (A -86)  is  initialized.  It  is  set  to  zero. 

Then  nominal  values  of  the  variables  in  the  DX  vector  are  computed  in  sub- 
routine DYNAMIC.  The  nominal  values  obtained  are  stored  In  the  vector 
DXN. 


In  the  next  step  the  value  of  J is  increased  by  one.  This  means  that  the 
partial  derivatives  with  respect  to  Xj  are  to  be  computed  first. 

Values  of  the  variables  in  the  DX  vector  are  recalculated  for  a negative 
perturbation  in  Xj.  in  the  following  steps.  However,  before  the  actual  cal- 
culations are  made,  the  variable  X^  is  tested  to  determine  if  it  is  ?*»ro.  A 
zero  value  of  X^  implies  that  a negative  perturbation  step  in  X . cannoc  be 
taker,  since  all  of  the  variables  in  the  X vector  must  always  be  positive. 
Thus  if  Xj  = 0,  the  calculations  for  a negative  perturbation  in  are  by- 
passed. This  condition  will  be  discussed  later. 


If  Xj  is  nonzero,  a negative  perturbation  in  Xj  is 


computed  from  the  relation. 


PERT  = X.  . DPERT 

J 

X,  = X - PERT 

J V 


(A- 87) 


Then  new  values  of  the  variables  in  the  DX  vector  are  calculated  in  sub- 
routine DYNAMIC.  The  new  values  are  stored  in  the  vector  DXl  and  tiie 
vector  DX  is  reloaded  with  the  nominal  values  stored  in  DXN.  Finally,  the 
independent  variable  X.  is  restored  to  Its  nominal  value  by  adding  PERT 

J 

back  on  X,. 

J 

Xj  = Xj  + PERT 
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At  thia  point  the  values  of  variables  in  the  DX  vector  have  been  computed 
for  a negative  perturbation  in  X^.  In  the  next  steps  the  variables  In  the  DX 
vector  are  recomputed  for  a positive  perturbation  in  X..  However,  before 

J 

these  calculations  can  be  made,  the  value  of  X^  is  again  tested.  This  time 
Xj  is  tested  to  determine  if  its  value  is  close  to  one,  i.  e. , if  ^^<3S 

than  PERT, 

The  condition  Xj  = 1 is  important  because  two  of  the  indepc^ndent  variables, 
IGV  and  BLD,  are  scaled  to  be  in  the  range  0-1.0.  Thus  it  X.  corresponds 

j 

to  one  of  these  variables  (J  = 4 or  6)  and  X^  is  one,  then  a positive  perturba- 
tion in  Xj  cannot  be  computed  since  it  would  give  Xj  > 1.  In  this  case  the 
calculations  for  a positive  perturbation  in  Xj  are  bypassed.  It  should  be 
noted  that  this  test  does  not  affect  the  other  independent  variables  since 
they  are  always  much  greater  than  one.  The  calculations  performed  if 
|X.  - l|  is  ’.ess  than  PERT  will  be  discussed  later. 

J 

If  |Xj  - l|  is  greater  than  PERT,  then  a positive  perturbation  in  Xj  is 
calculated, 

Xj  = Xj  + PERT 

Values  of  the  variables  in  the  DX  vector  are  recomputed  in  subroutine 
DYNAMIC.  The  results  are  stored  in  DX2  and  the  vector  DX  is  reloaded 
with  nominal  values  stored  in  DXN.  Finally,  X^  is  restored  to  its  nominal 
value  by  subtracting  PERT  from  Xj. 

X.  = X.  - PERT 

J V 

At  this  point  if  both  the  tests  on  X., 

3 

X^  = 0 and  |X^  - l|  < PERT 


i 

? 

i 

\ 


j 

I 

/ 

i 

1 


i 
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were  failed,  the  values  of  the  variables  in  the  DX  vector  for  a negative  per- 
turbation in  Xj  are  stored  in  DXl  and  the  values  of  th^  variables  for  a positive 
perturbation  in  Xj  are  s tored  in  DX2.  In  this  case  the  values  of  the  partial 
derivatives  Mith  respect  to  X^  are  computed  from  tiie  finite  difference  equa- 
tion. 


aoXj 


DX2j  - DXl^ 
2PERt'" 


i = 1,  2,  ...  NXR 


(A-P8) 


However,  if  either  of  the  iests  on  X^  were  passed,  then  the  partial  derivatives 
must  be  calculated  from  a different  equation  because  only  one  of  the  vectors 
DXl  or  DX2  can  be  computed. 


First  consider  the  case  Xj-»0.  In  this  case  om:v  - pert  '.’bations  in  X^ 

can  be  computed,  Thus  in  the  calculations  beginning  at  station  3,  first  a 
positive  perturbation  in  X.  is  computed  from 

J 

PERT  « DPERT 
X.  * X.  + PERT 

J J 

(Note  that  a perturbation  in  Xj  cannot  be  computed  from  PERT  = • DPERV 

because  Xj=0, ) Then  ttie  values  of  the  variables  in  the  DX  vector  are  com- 
puted and  stored  in  DX2.  Next,  X.  is  restored  to  its  nominal  value 

J 

X.  = X.  - PERT 

J J 

and  finally  the  partial  derivatives  with  respect  to  Xj  are  computed  from  the 
one-sided  finite  difference  eq’iation 


3DX^  DX2^  - DXN^ 
dX.  ^ PERT 

J 


i=l,  2,  ...  NXR 


(A-89) 
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Similarly,  in  the  case  IXj-l]  < PERT  (corresponding  to  station  4)  the  partial 
derivatives  are  calculated  from  the  one-sided  finite  difference  equation 


3DXj  DXNj  - DXl. 
■33^  “ PERT 


i=l,2,.  . ,NXR 


since  values  of  0X2  cannot  be  obtained. 


(A-90) 


After  the  partial  derivatives  with  respect  to  X.  have  been  calculated,  control 
of  the  routine  is  transferred  to  station  2.  The  variable  J is  tested  to  deter- 
mine if  all  the  partial  derivatives  have  been  computed  (J=NXUE),  If  J is 
less  than  NXUE  the  routine  returns  to  station  1 to  compute  the  partial  deriva- 
tives with  respect  to  If  J=NXUE,  the  linearization  procedure  is 

finished. 


Input  Data 


The  Input  data  required  to  run  the  linearization  program  are  described  in  this 
subsection.  Two  groups  of  data  are  necessary,  the  program  control  group 
and  the  component  description  group. 


The  program  control  group  includes  parameters  which  define  the  nominal 
operating  condition  for  the  engine  and  parameters  which  control  the  lineariza- 
tion procedure.  This  information  is  input  on  the  four  data  cards  identified 
below,  cards  A-E. 

Card  A 

(1)  ERROR  This  parameter  determines  the  accuracy  of  the 
iterations  in  subroutine  DYNAMIC 


I 

I 
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■"  "■rsst^-^r^'TJ^wr 


Card  B 

(1)  NX 

Dimension  of  the  state  vector 

(2)  NU 

Dimension  of  the  control  vector 

(3)  NE 

Dimension  of  the  disturbance  vector 

(4)  NR 

Dimension  of  the  response  vector 

(5)  DPERT 

Perturbation  step  size  used  in  the  LINEARIZATION 
routine 

Card  C 

(1)  N 

Nominal  value  of  spool  speed 

(2)  WINGS 

Initial  guess  for  inlet  airflow  in  the  TRIM  routine 

(3)  SPLC 

Rotor  torque  load 

(4)  IGv 

Inlet  guide  vane  position 

(5)  BLD 

Compressor  bleed  position 

Card  D 

U!  P„ 

Compressor  inlet  pressure 

(2) 

Compressor  inlet  temperature 

The  component  description  group  consists  of  tabulated  experimental  data 
which  models  the  steady-state  operating  ■iiaracteristics  of  the  engine  compo- 
nents. This  data  is  stored  on  magnetic  tape  and  read  into  dummy  arrays  at 
the  beginning  of  the  program.  Two  function  subroutines,  FUNl  and  FUN2, 
are  used  in  the  program  to  Interpolate  between  die  data  points. 

The  experimental  functions  contained  in  this  data  group  are  presented  in 
Tables  A-3a  throu^  A-3x  and  identified  below. 
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^2^  = f(«2> 

^3^  = ««3> 

«/^4^  = «04> 

1^4'^  = «04) 

t//5^  = f(«>5) 

V'3'^  = f(05> 

= f(0g) 

V's  ■ ^^^6^ 

= f(0,y) 

= f(07> 

- «^8> 

l^g'^  = «^8> 

Tig  = fLPB  • (TB-TCD)] 


KWB  = f(N/N^^^) 


BVOB  - f(N/N^^^.  T^) 


f 


ri 

y 


i 


it. 

t 


Table 

Number 

Functlon 

ID 

Experimental  Function 

A-3u 

F5! 

A-3v 

F3 

WT  • TB  «PT  N 

N • PB  *'PB  ' 

> 

1 

F4 

AHT  _ -.PT  N 

N -yfTB 

A-3x 

F5 

= f(02>  IGV) 

Nominal  schedules  for  die  two  compressor  geometry  controls  are  contained 
in  functions  FI  and  Fll.  FI  gives  the  nominal  setting  for  the  IGV  (BVOB)  as 
a function  of  spool  speed  and  compressor  fnlet  temperature.  Fll  gives  the 
nominal  setting  for  the  BLD  (ABLE)  as  a function  of  BVOB.  These  actuator 
schedules  were  obtained  from  the  NASA  component  model  (Reference  A-1). 
They  were  not  used  in  the  linearization  program.  Nominal  settings  for  the 
IGV  and  BLD  are  read  in  on  card  C of  the  program  control  group. 

Functions  F12  and  FI 3 are  correlations  of  inlet  guide  vane  pressure  ratio 
and  outlet  guide  vane  pressure  ratio  with  spool  speed. 

Pressure  and  temperature  rise  coefficients  for  compressor  stages  2 through 
8 are  contained  in  functions  FI 5 - FI  18.  These  coefficients  are  functions  of 
a single  variable,  the  flow  coefficient  0., 

Pressure  and  temperature  rise  coefficients  for  the  first  compressor  stage  a-'e 
given  by  functions  F2  and  F5. 

The  coefficients  for  this  stage  are  functions  of  both  flow  coefficient  0j  and 
inlet  guide  vane  position. 
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Burner  efficiency  is  presented  as  a function  of  the  parameter  PB  • (TB-TCD) 
in  FI  19  udiere  PB  is  burner  pressure,  TB  is  burner  temperature,  and  TCD 
is  compressor  discharge  temperature. 

The  constant  KWB  is  determined  as  a function  of  spool  speed  in  F120.  This 
constant  is  used  to  determine  the  pressure  loss  in  the  burner. 

The  function  F3  and  F4  contain  steady-state  turbine  performance  data.  The 
parameter  WT  • TB/N  • PB  where  WT  is  turbine  airflow  is  given  as  a func- 
tion of  turbine  pressure  ratio  and  the  parameter  N/  in  F3.  Turbine 

enthalpy  drop  AHT  divided  by  N • '^’tB  is  given  as  a function  of  the  same  two 
parameters,  PT/PB  and  N/  YtB,  in  F4. 

NONLINEAR  ENGINE  SIMULATION 

The  nonlinear  engine  simulation  program  is  discussed  in  this  subsection. 

This  program  is  a forti-an  version  of  the  NASA  component  model  of  Reference 
A-1.  A Fortran  listing  of  the  program  is  presented  in  Table  A-1.  A listing  of 
the  reduced-order  component  model  is  presented  in  Table  A-2. 

The  function  of  this  program  is  to  simulate  the  trensient  response  of  the 
engine  to  changes  in  full  flow,  exhaust  area,  inle : guide  vane  position  and 
compressor  bleed  position, 

A flowchart  of  the  program  is  presented  in  Figure  A-4.  Computations  per- 
formed in  the  prograir  are  summarized  in  the  following  paragrafdis.  A 
detailed  description  of  the  software  is  contained  in  Reference  A-1  and  in 
Section  II,  Volume  I of  this  report. 

First,  nominal  values  of  spool  speed  (N),  geometry  control  positiotJS  (Ag, 

IGV,  BLD),  compressor  inlet  pressure  and  temperature  (P^,  T^),  nozzle 


j 

i 
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discharge  pressure  (Pg)  and  rotor  torque  load  (SPLiC)  are  read  in.  These 
parameters  define  the  nominal  operating  condition  for  the  engine. 

A steady-state  trim  point  corresponding  to  these  nominal  input  parameters  is 
computed  next.  Tl.e  fuel  flow  required  to  maintain  nominal  spool  sp»eed  is 
calculated  in  addition  to  initial  values  of  all  the  engine  states  X(o)  and 
responses  r(o).  It  should  be  noted  that  the  section  of  the  program  which  per- 
forms these  calculations  is  identical  to  the  TRIM  routine  included  m the 
linearixaaon  program.  A detailed  discussion  of  the  TRIM  routine  is  included 
in  the  documentation  of  the  linearization  program. 

Next  the  control  positions  u(T)  defining  the  transient  to  be  simulated  are 
read  in.  The  u vector  includes  fuel  flow,  exhaust  area,  inlet  guide  vane 
position  and  compressor  bleed  position. 

The  time  increment  AT  and  smulation  stop  time  FJNTIME  are  defined  in 
the  following  step.  Then  time  is  initialized  and  xhe  time  corresponding  to  the 
first  integration  step  is  computed. 

T = T + AT 

Engine  dyr.amicj  are  computed  in  the  next  two  steps  from  the  nonlinear 
engine  model  contained  in  subroutine  DYNAMIC.  This  nonlinear  model  ’s 
described  in  detail  in  Section  n.  Volume  I of  this  report.  Time  derivatives 
of  the  engine  states  are  computed  from  the  nonlinear  function  f, 

x(T)  - f[x(T),  r(T),  u(T)] 

and  updated  valu  >s  of  the  responses  are  computed  from  the  nonlinear 
function  h 

r(T  + AT)  = h[x(l),  r'T),  u(T)] 
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The  derivatives  are  then  integrated  with  a four  point  Runge  Kutta  integration 
routine  to  determine  the  value  of  the  states  at  time  T + ^T. 


x(T  + AT) 


T+AT 


x(T)  + 


x(T)dT 


In  the  final  step  in  the  program,  the  current  value  oi  time  is  compared  with 
the  stop  time.  If  T i FINTIME,  the  program  exits  from  the  integration  loop. 
If  T < FINTIIVIE,  the  routine  returns  to  station  1 for  an  addi  tional  integration 
step. 
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Table  A-1.  Nonlinear  Engine  Simulation  Program 


LSiC.S 

OjHENSjBN  ,»6W(42>,A(20»iPV(?0)*TV{?'';»»Yl(l<l)/XXl<l7)#JJl(196| 
DlneNSjO*^  '.(23)«V(20)«KGA|.(B0)#  .Jbl?OI«KNR(Bt«RAO(a)>KNAOl«l 
oImCNSIbn  k*(30) 

DIHCNSlBN  Twy(aotfMD(20>*WV(20)*KBl.D(a;«DPItB(14) 
C.MMBN/TOATA/T!KE#OT#:sTeP#NlCBT 

C9MHBN/0ATA/Xia9)*i‘l3)«ETA|3)4DXN(«0)«3X(A0)«Dxi(A0)«CtH(A0>4 

lKvBL!Q<KGAL!GiKVBl,S0«<SAt.eG<RTM0>ABU'K9QV|MTCAKVBLCD#KaAUCD*TI*;XW9 

2#«3AUB*KVBLB»HT,TT.pT,KA»Kei»iT,MCD#P0»KN#.<NA»#KSPlE0#Krl«V#K*»liVR 

3PJTV0 

«AU  iCTwvOitr.KVO 

rEac  K5,Ki«)^Cl« ICN<NClN/lGVPA<I0V«Kl«A3«KA«KAjK7iL4KaAL4KVBL 
REac  KVBLB6<KaAUBG<XVBLC0«KQALCD«KSAi.B«KHB«KVBt6«KVBI.T«KBPeE0 
real  <P IGV^NCXiKNR^KRADiKAtKBGVtKNABtNRTTB* 1CPV0« ICwDo# IChDi# ICWVl 
rBA^  !CTmV1< lCWc8i ICMV2# IC7WVB# ICWfiS* ICMVI* ICTWV3« ICMDAa ICMVA 
REAt  ICTwva«  iC'IOBf  Kmvs#  tCTWVS^  ICri^A*  iCWVBf  ICTmvB*  tCWD7«  tCWV? 

REAL  ICTHV7, !CM9B« ICMVB« ICTUVB, ICTWBS, ICnBOV» ICmDBG, ICTNCD# ICWCD 

real  iCtaOCUi  ICWBi  ICPB<  ICHB«1CRY<  ICRHTi  lCW<rQP«NC3<NC3#NC%#NC5/NCB 

REAI.  NC7jNC8«N0ePD4lTER«lMPU4lN7QR|.iKlC 

RCAt  kAs< ICmOBG/N^NOT 

RtAt  KBU0iK2jNRAT/K8/tIa/KVBUlQ 

tOuiVALENCC  (lChD0<WU0*X(l  ))mICWV0«WV0#X(2  ) )* ( ICTWV0«TWV9«X|I  ) 


A"00 


<(  ICwDt.  W01#X(«  ))*;tCMVj«WYi«x(B  > )<  ( lCTH>'i«TWVi«xiB 
)«(ICwC2>mD2<X(7  n..(ICWV2«WV2,x(8  ) )«  t lCTWv2«TWV2«XXt- ) 
)«(  ICWD3iK03iX(10l  )M  >C<<V3«MY3<X(ll.M#(!cTWV3«Twy3<)Ull3 
),  ( ICMD%«WDA.ix(  13M#  ( ICMvA«WvA«xaA)  )#  ( tCTWvA*TwyA>X(lS| 

) f ( ICW3S«  MOS<  X(  1«) ) M tCwvS*  UVb*  X ( 17 )) « I ir.TWvB*  TWVIt  K(  |B) 
J i { ]CWDA#W06«X< i9) )i ( tCMV6cMVA*X(20>)« I tC7MyB«TyVB«X(|i) 
),<  |Ch0?»W07,x(22l)»(  I!:wv7.wy7»x«2i>»»l  ICTWV7#Tyy7rXlH» 
l<( ICh08«MD8«x(2B) )«( (CWV8/WVB#X|2B) U I 1CTWV8« TwyB/xUl7j 
)<( !CW09Q<W0BG«X(26) If  t tCwBGVf WBaVf X(29>) M ICTWBQf TMe&A)U3fii) 
f ( !CWDC0fWDC0/X(3l)M ( ICMCD,WC0/X(32) )f ( iCTMCDf TWCDf X<33) ) 
f (lCH3fHB«X(3A))f ( ICPBfPBfXr?BI I 


<(  lCHBfHB»>((36)  If  ( tCRHT,RwT,X 
f M{.M,N#X(391  If  twrflKlI  I IBVB 
f (T2fETA(?i If |P8fETA(3| | 
E3UIVALENCE  ( «OOOT  fDXtl  IlfttaVOtJT 


37llf(IC«T,RT. 
UI2I  If  (ABfUdl 


"•I  I 

PtiETA<ni 


( ^Ol'T 
( KOgPT 
(W03DT 
( X0*llT 
! mDSDT 
(MpBOT 
(WD70T 
(WOBOT 
( flpUGo’ 
(WOCODT 


fOXi*  llf(WV10T 
fOX(7  IlflwygDT 
fOXf 101  If IWV3PT 
fOX(13l If IWV*dT 
f 0X1 161  If (WyBDT 
f 0X|19)lf (WVBDT 
f Dx(2ei ‘f (WV7DT 
,0X(25?lf tWVBOT 
f 0X(?8l If (WBOvoT 
fOx<3ll|f <WCDOT 
iWBDT 

f DX(37) If (RHlOT 
fDX(39) I 


fOX(8  IlfiT  '• 

fDx(S  IlfiTv  * 

fDXII  l)f(TwVc 
fDX(ll)lf(THV3D< 
fDXIlAllf iTwyAD^ 
f0xU7l  If  (TXySDT 

f0X(201lf (TMVBDT 

fOX(23/ If ITHV70T 
fDXIIBIIf (THVBPT 
fOXIlBl If (THB9p7 
fDxOtllf  (TWCDDT 
fPX(3Allf :PBOT 
fOxdSllf  (RTOT 


• DXO  Ilf 
‘OX|B  I If 
*0X19  Ilf 
*)X|ltl|f 
XllBllf 
f JXUBlIf 
fOXltUU 
fDXIIAI If 
fDX|t7)|f 
fpXllOllf 
fOXlllll* 
f3X(3Snf 
<0X091)4. 


6099 


8030 


(HBOT 

(NOT 

rewind  3 
CBnTInUE 
R^O’fO* 

R*l02t0* 

R£AO(5»eO30|Nxf  ^'UfNE^DRERT  __ 

FBRMAT<3l2,Q*e.6| 

rewind  7 

data  'OpRBdlf  UlflA)/.60f7t2&C»Af  .70f7.07E*4f  •BCf«f98E«9,M89fB««f 
l»Af»lOf6x96E»Af*97f6«96E»Afl»0f7»lBE"A/ 

data  (KeLP( 1 1 f IflfSI/2«0>f l*1075f l>0572f IfOAllf 3*0f/ 
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Table  A-1 


Nonlinear  Engine  Simulation  Program  (Continued) 


6c:  (A;u*U  I 1 » I.liS)/?55(t2t»?79*?.<?7?it7*»8<>407»»?i*0'4.*2l87’»»a21 

6j:  1=8.,??4j9,/ 

6p:  '’•T*  (Kv*L(  t ) I •9lP7#3O"ll<'*.97'»7#7t'j83'’»9i3047'll‘?‘’53Al3 

63!  I*'7r7; 

6- :  nAT*  ( T\,  ( t ).,  1,1  ,?0)/S.ltp0**l*i«^l«*7/ 

6t'!  P*TA  /T,y, 

6a:  D*Ta  (HC( n.!«l»?0)/2^»30./ 

67:  D*TA  (»<;  ( n<  I.1j?0)/20».01/ 

6fc:  utAci(7)(  lovi  I)' 1*1*  1*1 

69:  Hi  ifNislT(1,Ii,v  <9»i/1) 

7- ':  9tA,T(7)(  iuV(  !ii  tt;»38) 

7i:  fU  .fNislT( 4# ir.v  Ji9.4»*ii 

7?:  Rt*P(7)(  luV(  ln!.U?OI 

7?:  Fl?  .FNiStT(2,10V,10i?>2) 

7»;  BtAD(7l(  lu¥(  In  1.1/18) 

75:  ri3  .FNiStTj 3, lGV,9/  3/3) 

7f.;  PtA0(7)(  IuV(  t)/l.l/40l 

77s  M5  .fMiSiT(5/ It.V  /20/6/7) 

7A:  FtAT(7)  ( It,V(  1 )i  1.1/42) 

79;  e£.ACl(«)/b77)  ( l.M  I 1/ I.JA42) 

80;  A77  FBR  lAT(10f 3*4) 

81!  Flf  ,FNiS£T,6, lov  /21.8.91 

8?:  9tAC)(  7)  i luV(  1 )/ 1.1/3A) 

8i:  Fl7  .FNlStT(7/l0¥  /17/10/H) 

8*,:  OtA3(7)(  !yV(  1)/ 1.1.38) 

8‘::  tt-4:(9/877)(  :.iV(l)/l»l/38) 

a,.:  fU  .FNlStTi  A,  lev  .19/12/13) 

87:  FtA3(7)l IjV( 1)/ Ul/36) 

8*:  F19  .FNjStT)?/ IGV  /18/I4iia) 

69:  PtAf)(7>(  ItiV(  1 )/ W/36) 

9Ct  IjV(3)*.f3 

9i:  Bk-Al(9<('77)  ( liiV(  1 )/ lil /40) 

9? I FllO.FNlStT) lw< I OV/ 20/ 16/ 17) 

9;>:  9tAp(7)(  IyV(  1)/1.1/32| 

94i  Fl 11.fNiS£T( 11/ IGV  /16/18/19) 

99!  RtiAD(7)(  IUV{  T)/ 1.1/32) 

94!  8ttn(9/f,77)  I lyV  ( 1 )/ 1.1/36) 

97!  Fll?,rNiStT( 12/ IGV/18/20»21> 

9> ! A3( 7) ( lyV ( I )/  1.  l/Pft) 

99!  Fl  U.F'NiStT)  13/ lav  /13/22/23) 

lOc:  »tA3( 7) ( luV( I )/ 1.1/26) 

lOi:  8tAj(<j/877)(  IoV(I)/l.l/28) 

102!  Fli..FNlSlT( l4. IGv  /13/2A/25) 

103!  Rt.A0(  7)  ( IoV(  I )/  I.1/3C) 

IO4:  Fl n,FNlStT( lA, lav  /16/26/27) 

lOs:  BtA(i(7)(  lavi  I )/ I«i/?A) 

106!  »tAr;(^/(577  ) ( IjV(  1 )/ 1,1/26) 

IO7:  Fl '6, -Nl SIT (16/ In V. 13/28/29) 

10 5 ! 8 7) ( laV(  I )/ 1,1/30) 

109:  F.  . '-r  ■:.stT(  17/ lr,v  /i5/30/3n 

Hr'.  Ft  AO,  ( IyV(  I 1/  1.1/32) 

111.’  FtA0(  9*h77)  ( IgV  I 1 ) / 1.  1/32) 

llj:  F1iA,fNiSlT( 14/ IQV  /16/32/33) 

113:  otAOl 7) ( IaV(  1 )/ 1.1/28) 

ll4!  Fll9.F^lSLTn9/ IGV  .14/34/38) 

118!  PtA0(7)( luV( l)/I.i/?6) 

116!  Fl?^,rNi5i.T(Po/npP8/7/36/37) 

117!  BtAO; 7) , IbV, 1 )/ 1.1/40) 

ll»!  Fl2!.FNlStT(2l*lr.v  .20/38/39) 

119!  (A(  I )/  1.1/20) 

l20i  “^EAr)  7)  (l(  I ) , 1.1,20) 
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Table  A-1. 

Nonlinear  Engine  Simulation  Program  (Continued) 

I2l! 

«eaoi  7)i,n  1 , i.i,ac) 

i2?: 

A<E*r:(7)  ( iGv 

1 i23; 

AlE*'7f’l  ( l&V 

i2a: 

KEAD(7)  (KA(>(  n»I.l*8) 

i l85! 

*<EAr(  7 ) uRAC(  I 1 * 1«1»  3) 

! I2f : 

9EAr(7) (9V( I )* I«lA?OI 

; 127! 

»<F.Ari(7)  ( 1GV(  I)»  I.1<?,1) 

i 12a: 

AIEA«(7)  (yVK  I),t.l,5l 

j 12"- 

•<FAD(7)  (x*n  I). 1. 1*13) 

1 l?r: 

AftAiAjZKZZKnil.l.bb) 

i l3i: 

FI.  FM2SE7(l»xXl»vyi*2/l*l3.K,j»?) 

i3?; 

WEA0(7i (kA( 1 )* 1.1,301 

133: 

>3E  An  ( 7 ) ( Y V 1 ( I)  , t . 1 , A 1 

13*: 

»<EAn(7)  {*X1  ( I ) , 1.1*1  7) 

1 135: 

*<£50(7)  (iZK  I),I.1,6A) 

! l3t: 

F?  . FN?SlT(2,XXl,YVl,ZZl,l7,A,3.i,( 

j 137: 

A<EAn(7)  (yYI  ( I > , I.l,  1*1 

! 13a: 

*<EAn(  7)  (;^X1  ( I) , I.l,  lA) 

1 139: 

*<£50(7)  (x2l(  I),I.1.1')61 

lAr,; 

07  3773  1.1,43 

1*1 : 

IJ. 196-1 

1*3! 

J J. 1 J+ 1 

1*3! 

9773  ZZK  jjl.Zzli  1,) 

1*a: 

2 Z 1 ( 1 a8 ) • ,05A5 

1*51 

K‘<ITE(9,l60?l 

1*6  ! 

.*<ITr(9,lfe0n(YVl(l),l. 1*1*1 

1*7: 

K*ITF,9,it,03) 

1*«: 

A*<tTE(^,leOl)(XXl(  11,1.1,1*1 

1*9!  V<ITF(9,ib0.1) 

l6c  i i.'<JTE(9<lt>01  I I* 

iStl  vs‘<tTF(9,lbO?) 

lS?i  f i • fN?S»  T(  3,  KXl*  » 1*  » 1 »A) 

;S3:  ‘<t*n(7)<YYi(I)/I»l*l‘o 

l5i,:  HF*n(7)  (*xj(  I) 

IBSI  XEAO(7MiZKi>.l.l.in6) 

Jtx!  1^01  F7R''*t(  1 3f  9.i») 

157J  1(1.33  F3»>'*T(  111]  ) 

16h:  1633  FU9>lAT(//( 

iSti!  ZZ;  (‘U)«.C9  1 

I6r-!  FA  ■ FN?StT(A,KXl»YYl.ZZ)  * 

l6li  Ft  Ari(  s*X77)  ( Vvl  ( I ) » t »1  » A ) 

16i’;  ot*r'<  e»677)  ( X«l  ( t ) » I •!  » 1 7) 

163:  i,L*.'j(F»):77)(ZZ1<J)#I»1»6F) 

16h:  t'l.F-sbit  T(F,xxl,VYl,ZZU17,A,t|,13) 

169!  C 

16M  C-  set  oABAKi  Tt  Ra 

167:  c 

16«:  Y*A.r 

169: 

l7r:  7 1 7r;c. 

j7i  ; Bt*  '(«*XTt-6)9'7*T,*(j,TAfjij>Al'^!3r, |FAi)3!--»jPLC 

l7?!  f-366  FUwut(6(51?*F’) 

173!  Y'<ITF(9,fi-6‘-)  (K*T,A(>,Tt3CiS,Al9':.!?,f  A3'-.S,SPLC 

17a!  f3i1'».7 

l7s!  T3i=i^a*7 

i7a: 

l7;:  <l  . 7* 1 A 159/ (br. 

17a:  <3i7..3?«i7.'.  io5/<«  i.<i ) 

17q;  < a,  3'j(;T  ( 9; « . 7 > 

18i ! AA.fFlx^S.lF.j/lXAOr. 

l8]  ! X 
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Table  A-1.  Nonlinear  Engine  Simulation  Program  (Continued) 


i8?: 

o/9lIc;«9,  jl 

l8-j; 

• t;?43  • 

tSi.: 

<V«*U9'5  > 15.1  : 

l8><; 

<'>At,C'^  • o730« 

lBt>: 

<v()i.cr  • i»'*^i 

1B7! 

<jAL9  * 547'"'* 

I8f>: 

KV9Lfl  • 2»6‘«9 

189: 

K'lb  • *00(/9*tAS 

l9c: 

<V*^.T  • l4«lb 

I9i: 

kS>PEF0  • 1364C0* 

192: 

iCn.noat,i650';  • 

19-ii: 

B'J.ap 

194.' 

P8,3.T 

i9«s: 

TVO  . T? 

l9t: 

wTno  . Sf;t,T(t  v0/5l  8»7) 

19?; 

''Cl  ■ IcN/RTMr- 

l9s : 

\ClN  , S.C1/1650C* 

199; 

SVB  , FuNc(l*'MClN»TV0»n 

20''': 

A7L.ri.|Nl  ( i.sV'Jl  ) 

20i : 

1 jvP9.Funk;>,nCin,2) 

20?: 

PJVPB.Fo'-l  ( it  -ct^j  3) 

203: 

TV()0)  , T? 

2041 

lU.C 

209: 

I*E«1.0 

2ofr: 

lU9?«0 

207: 

iTeri.O 

20«: 

D9  60  «»l/KbSP 

209: 

pAb.rABoS 

21c: 

TiiTpoS 

21U 

^iN.Wf^CiS 

21?: 

n"r'x.*i 

213: 

P^doi  • P2«U.VFP  . t005»P? 

2u; 

99 

C^NTtNUt 

219: 

wO(10)»nl6»PLt)*7(K«l)»wDEL 

2i«: 

l!EPl.lTEhl»l 

217: 

<F  j')v«<c,Au  lu#  (Ppopv:  10) )/( w0(  io)»40t  10) : 

21k: 

219: 

^3LTeL•0• 

28o: 

IE(SP\‘Sf  switch  3)8073,8074 

221* 

■■C74 

C«NT JnUE 

222: 

l^(in*Nt.i)  aeriT  5901 

223* 

«073 

CWMInUe 

224: 

J • 0 

PH'?: 

wHlTE,6,5gl  ICN,AaL»0Ve,  IGVPR,er,VPR 

226: 

wHITE (6,51 ) 

22?: 

-HJTE  (6,5?)  J/PV(  10)*TV(  10)  , a/D<  10  1 

226: 

5901 

C«NT!sUt 

22q; 

00  ?o  i»n,iA 

23n; 

J • I »io 

23i: 

DtLx  • f V(  !•! )/14,7 

23?; 

bThx  ■ SaKT(Tv( I»l ,/5l8*7) 

233: 

^Cx  ■ ICN/RTPx 

234: 

wJ(  I ).*<D(  1-D  .WBL 

235: 

FPx.taOt 1 ).RTHx/(OELX»A( 1 ) ) 

236: 

V2TX4<*)J)*FPX«(KA(J*10)*FPX»|<A(J420)) 

237; 

<haO(j)  . k1»wAC(j) 

23?: 

pHIx  ■ VZ1X/<x.HAD(  J).NCX) 

239; 

38  T9  ( 1 ,?,3, 4*9,6, 7,p ), J 

29o: 

1 

CWNTlMUfc 

2*1* 

oSJPx  • ruN?(?,PHIx,BV9,3) 

29?: 

pSlTx4FuN£^(  = ,PHlX,bV0,9) 
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Table  A-1.  Nonlinear  Engine  Simulation  Program  (Continued) 


i 

i 

F 


2*1 

2*4 

2*k 

2*1^ 

2*7 

2*jJ 

2*4 

2Sc, 

251 

esp 

26-3 

25») 

25f 

267 

252 
25<9 
26c 

26l 

26? 

261 

26i. 

26= 

?6a 


267 

26* 

269 


270 

271 
27?l 
273 


274J 

27b: 

27<,S 

277: 

27l«s 

27g: 

28c: 


2«1 

2«2 

28i 


284 


28= 

2s;l 

287 

28p 

289 

29c 

29i 

29? 

293 


294 


295 

29f 

297 

294 


299 

3Cc 

301 

30? 


303 


57T'<  lO 

2 rOMl^Ul. 

BiIax.FLNl(B#?HIX/6) 

BilTx.PuKl  (#-  jPH!x»8  ) 
jiiTn  lO 

3 C^NTlK'Ut 

7xPH;x»1C) 

PSITx.FyVKK  .PPlx*12l 
G»T3  lO 

4 C«MTIkjUE. 

Pblax,FuN'i(OjPHlx,j4) 

ciilTX.FjNl  ( IC,PMx,16) 

G'iTI  lO 

5 C^lNTTNUf 

P^tPxiFuNK 11.Pk1x»18) 
oatTy.FfNl ( 12»PHlx,P0) 

P8T0  lO 

6 C^^T!^lUf 

PSloy,FLM(l3,PMlx«?2i 
PblTx.FliNj  ( j4»P4-tX?24| 

0<^Tn  ,0 

> c»^Tt^ur 

0ilPX.FuNl(15,Pt"lx,?6) 
eSlTx.Fi^Nl  ( lli»P^  Ix<?8) 
lO 

8 Cy NT  I SUE 

pSJux.funi  ( i7»P»-Ix<30» 

PitTXiFuNl(18.PPtx.32| 

10  Cp^iTInUE 

j)»(  Ic^•R*0(Jn•»2/<? 

BV(1)  • Pv( I.i)»(1,4PSIPx»<NR(j)/tv( t.ll )»»3t5 
TV(t)  • Tv(  I.1UKNR(  J)»PSITX 
T9V( t )*EV( 1 )/<VPLt J> 

V>V(  1 UT«V<  1 )/TV«  t > 

py  a pV(  I )/pv(  l«n 

wyLa<[jLC(U).*i4L4PV(  I )/Sy«T(TV(  I ) I 
lF(J«pQ«3)  AtJE^awfaL 
IF(J*ECJ»*I  ABt*a»eL 
lF(jtE0«5l  aBc5bW8L 
wytTflL**'BLTPL4HBL#Tvn) 

[FfSFNSr  SWITCH  3)Bn75#8o76 
9076  Continue 

IF( n I*NE»1 ) j9TB  j902 
9075  continue 

,HIT£ (6,C?  F J*PV( I )/ TV( I )i40(  I ) »*BL»PSITx» VZTX<PHIX*PSIPX»PR 
5902  Continue 
20  C*7^TInUE 

J a in 

P®GV  a CV( IH ) aBovPH 
TO^V  • Tvil?) 

wOGVawO( la ) 

<9GV  , KG*LPGa(PV{ JP).paGV)/WBOVaa2 
TW93  , POuV/KvOIBg 

wU9G  a TwOG/TnGv 

pHp3.p9Cv/P? 

TH?3aT9Uv/T? 

E^rpia  <PH?3.a.2P5.1. )/( TP?3-1 . ) 
iFlSpN-Sf  switch  3)8077*807* 

H078  C^^NTInOe 

IP(  I I!  'NCiI  ) .,9T«  5903 
*077  Continue 
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Table  A-1.  Nonlinear  Engine  Simulation  Program  (Continued) 


I 

: f 


30*: 

30b; 

306: 

5903 

30?: 

30«: 

30o; 

3lp: 

3li: 

31?) 

313: 

31*; 

31r: 

31b: 

317) 

31p: 

8171 

319: 

32c: 

8170 

32i: 

32?: 

383: 

590* 

32*: 

32b: 

32(-: 

327: 

32b: 

329: 

230 

33r. : 

33?: 

333) 

221 

33*: 

33f : 

33m 

337; 

33b: 

339: 

3*" : 

3*i : 

3*?: 

222 

3*?: 

j**: 

8091 

3*= : 

j*6 : 

397: 

3*8 : 

3*9: 

8072 

36c: 

36i : 

35?: 

357 ; 

35*: 

"071 

365: 

356: 

357; 

35? ; 

223 

359: 

36: : 

36i : 

362: 

22* 

367 : 

36* : 

h«ITE{6,53) 

^HITF(6,5^)j,pecv#T8SV#w*'GW»i.BLTBL>EFF23»pR?3*TR83 

CBNTiNUt 

J ■ 11 

PCD  ■ RSGv 

TCD«TflGv 

C*LL  PReceM(0.*TCD*CPCD/GMCO#5HCDir*HCD*  IF*) 

wCd  •.^acv 

T<<CD  . FCp/KVpLCP 

fc.JC0  • T*CD/TCD 

inTCi  •o33«*D(  10) 

DUDHC«HCU.HCD*«?<t*(PBLTBt*wD(iO)*TV(  10)  )*SPLC 
.FUNI (?1» ICN*3«)..975 
lf(SENSt  bWlTCH  3)8170*8171 
CONTINUE 

1F(  IM«SL.l)  -oBTfi  590A 

C7MTINUE 

Kl^tTEf^iS*  ) 

I TF  ( 8*  ) J<  PCn,  TCD*  iiJCO,  *TC*0L'<HC/ <MA8 

cavJTItuUE 
J«l? 

<«IB.FU^1  (iJ0f'«R*T*36) 

IF( JTE«l .£0.1 ) PT,.35,PCD 
P^TXi  1 « 

COmtinUE 
1 fEPJ.lTEK?*! 

wTPi.^.  < 1 •*f*B)  •>«)) 

»'<»TTP.lCN/Si«T(Te) 

Il£ai.lTEH3»l 

CtLPS  ■ K*B»k.n««?/PCD»(  •771*TCD-»0B<5»T8) 

b9  • pCo-DEuPb 
PIOLTB  • Pe»(TB»TCO) 

£’■*•3  »PuM  ( 19<P)>n£TB*38) 

PiP8  • PT/Pf, 

CRT\T!)  • FUK?(4*PTPB»NRTTB»7) 

ICN/1000.»SJWT(tP) 

C*LL  P*<BCef<(F*B#Te#CPB*0M9,3«f)*»M4»  IFA) 
lF,2FNSr  bKITCH  ‘*)8098»«091 

1 • «n»  ( •E^AB'WCD)/  ( lP6S0»  •ET  *B*HB  ) 

lf(IF*«bT,oi  aST"  Be?! 

•vlEPP.*bS(W’l.«TPi.D) 

IF(*TFH5.^jT..-ooB)  G9TB  ??? 

C”MInU£ 

FAB.wF/aU 
W*^baTj*i.T£ 
ri»T«  ?2* 

IF  ( *Ti  .i.T.i.r.)  »Tl.«p 

IF  ( aTj  .gT  . (aB»1  *087623)  ) WTi.i  .o676?3»«(B 
V TgLrj,.<Tj 
aST*.  *072 

wTgi.0.  UTl  + . Tl«Ln..5 

i.F.a'TPLP-a9 

F*B.«F/»se 

&OTP  p22 

ePM  ivur 

Mr«AT)/AN,(  mb-dhT  ) + v.tc/^n«mCO 
wiBP,  ('^LaMC,*»N.hT.hCC»wTC!  /WT) 


1 


; I 
-I 

I ^ 

. ) 

i 

' -ii 

i 

/ ^ 

i ^ 


L 
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Table  A-1.  Nonlinear  Engine  Simulation  Program  (Continued) 


36s: 

366: 

367; 

36(1 : 
369: 
37o: 
37i: 

37?: 

373: 

37*; 

37s: 

376: 

377: 

37«; 

379: 
3«o: 
38i : 
3*?: 

3831 

38*; 

385: 

386: 

387: 

38?: 

389: 

39q: 

39i: 

39?; 

393; 

39*: 
39s: 
396: 
397! 
39«: 
399! 
*Oo ! 
6O1  ! 
60?! 
603! 
60*: 
60s : 
606: 
607! 
60?: 
609: 


6l0! 

6ii ; 
61?: 
6i3: 

6l*: 

6I5: 

6l6: 
6I7: 
6l?: 
6191 
623! 
62 1 ; 
62?: 
623! 
626: 
62s: 


T3EaR*Ht)R>Hi< 

IF(TBEHB-U7..(j0r!5)  GOTO  ??5 
IP(TBFHR.t”«**0C06)  GOTO  ?2? 

QtJTfi  ?29 

225  IP(DTbX)226*2?6j2?7 

226  Cfex,.0TBx*«5 

227  t3.Tb*DTBa 
GOTB  ?2l 

228  IP(DTbX)?27.227«?26 

229  C®STtNUE 
p3pt»pO/PT 

If (POPT- *628) 233*233# 23o 

230  If (PQPT-1 • ) ?3?»23i *231 

231  sNT<NP»0» 

GSre  23* 

232  w*^TnNp*  o0PT**(l./1.6J.S0BTn.-P0PT*»(.6/l*61  ) 
C»T0  ?36 

233  *|NT<Np*i2588 
236  continue 

wTTNPB»fUN2(3#PTPB*NRTTB*5: 

6T2*STTNPd*?B/TB*ICN 

pTerr,(KT?-i*Ti 

260  !P{PTEPR«GT.  .0005)  G9T8  2',1 
If (PTEPR.C7.«.0005)  GBTB  265 
GOTO  250 

261  tP(0PTX)262,2*2*?63 

262  0fTX*-DPTx*«5 

263  pT*PT«DPTa 

sBtb  ?2o 

265  If (0PTX|263#263*?62 

250  Continue 

F*T.WF/*N 

Tt»TFNH( i<F*T,HT,TV) 

IPiSEnSE  SsITcH  6)8098*8092 
8092  Continue 

wl^X*<KN68*PT»rtNTKNP.A8)/Sg9TtTT) 

1,NERR.SNX«WN 

If(lll*t0*l)  GeT«  80 

If (rtNE"K.u7..006)  Q8T6  5961 

1F'(6NEPR.I.T»».006|  goto  5959 

UNi 

5«TI5  99 

5951  if (0stNX)5952#5952*5953 

5952  C^Inx»’Dw1Nx*.5 

5953  wInimIN^OmInx 

gotb  99 

5955  if (DsiNx )B953*5953*5952 

60  continue 

DU6NT,ME,»Tj*wcC»wTc*NT**rN 
*f s ■ 3600**Sf 


*NITE(8*56) 

kNITe<8*52)  j,FB*TB»S9»eTAe»HB*PTPB»NPTTB*DWTNTB*STTNPB 
J ■ 13 

i-N1TCi8*57)  . ^ . 

6'<ITE(8*52)J*PT*TT*PTj*SF*HT,DUWHT*WN,riNTxNP*A8 

kNITE(6#2i08) ITERi* 1TER2*ITEB3 

2108  format!  IHO'SX'ST'I  TEBi  ■ I5*5x*#^*1TER?  • I5*5X*8NITER3  ■ 15) 

50  FORmAT(1H1/6X*6HN  • *F8.2*6X»6H*BU  ■ *f 8«6* 6X*6HbV8  • »r8*6*6K* 
•pHJGvpR  « *FB.6*6X*8M90VPR  • *F»«6) 

51  f0RmaT(1H0,3X,1MJ,5X,5HPV( I! ,9X,5mTVI I) ,9x,5HWD(J) ,8X,6H«Bt( J» , 
•6NpSIT  j*8Xf 6HVZT( j)/8X*6NPnI ( J) * 7K* 7MPS I P ( J) * 9X*5MPR( J ) ) 


8x 


* 1 
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Table  A-1.  Nonlinear  Engine  Simulation  Program  (Continued) 


58  F»R“iAT<lHO»  I'*»9G1w6» 

53  FORMAT  ( IHO, 3X  , It-  J.6X,  AMPRGV,  10X,*MT98V,  10x,«HMSav,8K,6H>tSLTCiL  ,9%,S 
lHtFF?3A10*A4MpRg'^,|OK#*MTR8‘») 

54  F0R!;AT(lHo*3X*t»<J<7X*3HPC0«llXr?Mrc0*llX»3MMCD«llX»3MiiTc*9X*SHD|.i4H 

lC«inx»*HXA,Axj 

56  format (iHo#3Xill-J/8X»8HPe»l?Xf?HT9,l8x#2M48/10X»4MET*tl»18x»?MMB» 
110X.ahPTPoa9X,5MKRTTB»8X»6H0mTnTB.8X»6Hi*TTNPBJ 

57  F0RMAT(lH(,,3X,lt-J,8X,2HPT,i8X,?MTT,l8x.?H«T,18x*8MMF#l8X,8HMT,9X,5 
lMljLwMT<l8K<?hMN,8xA6MAKTKNP*18x>8MA8) 

tCPvo  • PVUOt 
lC>tDO«WO(lCl 
ICWOl'WOdn 
jCwvi»wv( 11 ) 
lCTi*Vl»Twv(  11 1 
ICwOS'^-Otl?) 
lCi«v?»WV(  18» 

ICTwv?*Tkw ( 18) 
iC^03»40(13) 
lC«iV3*XV  ( 13) 

ICT^V3»Tkv(13) 

ICwD4*kD( 14) 
iCmVAiiMV  1 14) 

1CT4V4»Thv (14) 

JC406«^D(15) 

1CNv5«mv(15) 

ICT^V5«T*(Vn5) 

ICw06»hO)  l«.) 

lCNV6aMV ( 16) 

ICT4V6*Twv(16) 
lC407»hD( 17) 
lCt«v7«WV(l7) 

ICT^V7»ThV(l7) 

JC4D«*40(18) 
lC4VX.Nv< 18) 

ICT«tV8«TbiV(18) 

ICTuBG  ■ TkiBQ 

U:W9GV  > ».0QV 
ICaDBQ  a hDQG 
ICTrtCD  a TWCD 
ICWCD  • t«cD 
ICttOCO  a «0c0 
ICXB  a MB 
jCPf)  a Pa 

IChB  a HB 

JCRT  ,PT/x4/TT 
ICRmT  a MTalCRT 
iCTnlVO  a ICPVO/XVBLIG 
ICmvo  • ICTmvo/Tvo 

0#  89*  lal** 
liaUlO 

X3Al,(  1 1 ).KQAt(  1 ) 

898  <V8L(  ihaXVBU  I > 

RtAD{5A9011)(DX(l»#I*WNx) 

9011  FORmATCSEiO-A) 

I^(0X(1) .NE.O.)  GBTO  9701 
CCCaO. 

QOTb  9708 
9701  COMTInUE 

0®  9oi2  lala^X 
9018  0X( I )a8.aOX( I ) 

CC^CaaOlaX(ll/OX(l) 
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Table  A-1.  Nonlinear  Engine  Simulation  Program  (Continued) 


087:  9702  Continue 

*88i  C>B  90i3  1•1<^X 

*89:  DX(|).Dx(l)«CCC 

*»9q:  9qi3  k(  1 I )*0xII  ) 

«9i:  Mh'ITE(3>(X(I)«I*l/NX) 

*9?;  RtAD(5<9019»0£LT«FlKTl,^E#P40PU#9UT0EL 

**93;  901A  rauMATdiGia.sj 
*9*:  Ot-DEL^ 

*95:  tIme.o* 

496*  *5 

497:  ^XUE•NX«NU4NE 

49x:  SlGNal* 

499:  wHIT£(9«B06J ; 

506:  ta)«ITC(9/8C60)(X(  1)«I«1XN|XI 

50i:  80*0  F0R>i4T(E20t8) 

502!  8061  r6RM*T(lHl) 

503!  3333  C^nTInUE 

504!  liiTEP.O 

50=  i sltftT.O 

506!  C*UL  nXN*X'(*»PV.TV#x04l.»XV5t»K»l9jRA!)#x«*D#xA#TiiV#t*0#HV»i<BL0#5Paft) 

507!  TlME.TlEi'^  + OELT 

508!  lf(AaS<TjME«PPD£Lj«GT*»000O0t*  38TB  3333 

509!  P«0EI,.PR0tt40UT0EL 

5i0!  h'<ITE(3Mx(  t )« l»l»NX) 

Slli  lE<AaS(T!pE»rtNT!Pe).6T,,C000nil  GBtB  3333 

5l?i  8098  continue 

SI3!  P*USE 

514!  GOTO  8099 

515!  END 


Table  A-1.  Nonlinear  Engine  Simulation  Program  (Continued) 


F0NCTI8N  INTGaL(IC#DXOT) 

CeMMBN/TDATA/TlKE»OT«ISTEP«NlC»T 

dImCNsISN  a(AO*AWXK(AO) 

r£*l  iC/ihTeBu 

1^ « ISTEPfNE.Ql  GBT8  2 

iP(Ni1C8T.nEiO)  68T9  1 

Kl.39 

1 K.lCeT,NIC8T*l 
Q<NIC8T,1|,DT.DxDT 
X<tNtC8T)ilf. 

lNTGRL»XK(MC8T)*.5.GtNIC»TM) 
lF(Ntc8T.tO.M)  ISTEP.i 
RETURN 

8 Nicer. njc6t*i 

G8T0(3*<*Abl»lSTEP 
3 GiNlCeT#2),OT,OXDT 

INTqr|..xk<  Nicer  J + ,5»GJNIC0T»2) 

!P(NIC8T,E0,N|)  ISTEP.2 

return 

A G<NICeT,3j,DT,OXOT 

lNTaRL.xK(NIC8T)*Q{NIC8T#3j 
(MC9TtE0.Nn  lSTEP-3 
RETURN 

5 GlNlceT,*).0T,DX0T 

I'^TQRi_.XK(Mc»T)*(Q<NIcBT*lJ*2.»QtNlc8T.2)*a.*Q(NlceT,3)»G(NIc®Tj* 

1)  !/«• 

lF(Nlc8T.£QtNI)  tSTEP.A 

rEtjrn 

fNO 


FUNCTION  TFNN(Nx»FAX»MX*TV) 
plMENSleN  Tv(?0) 

D^X.50* 

T)i.Tv(Nx) 

81  C*UL  PRBCbn(F*x»rx<CPX«GHx,GMxX*Nxl»lEAl 
IF*»UT.1|  q8TB  70 

txerr,hx-mxi 

lF(TxERR»vjr.«OOl)  GPre  S2 
lF,T*EPR.Lr...OOl)  G8T0  55 
G9T8  60 

52  t^(0Tx)53#53»8A 

53  D^X.-orx..5 
Sk  TX.Tx+OTx 

g8T8  51 

55  If'lOTxlSkiSkiba 
60  Continue 

?0  continue 

TFnm.tX 

TV(NX»*Tx 

return 

END 
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Table  A-1.  Nonlinear  Engine  Simulation  Program  (Continued) 


1 

? 


6 

7 


In 

ll 

I? 

l3 

15 

It 

17 

1? 

19 

2C 

2l 

2? 

23 

24 

25 
2t 

27 

28 
2a 

3C 

31 

32 

33 

34 

35 
3t 

37 

38 
3a 

*1 

4? 

*3 

44 

*5 

4t 

47 

4« 

*9 

50 

51 
5? 
53 
5h 
55 
5fr 

57 

58 

59 


63 


PB'lCf  ''(FAHK,Tex»CP,QM,a>1x,H,  IFA) 

1^  A»9 

IF(FAPX,QT»T.>  Gfite  2 
FARx»C* 

I^A.l 
SMTP  3 

j r^{FAKX.UT«.0t7t?3l  G9T0  3 
F*R*. .067t23 

if  A.l 

3 t^tTEy'lSuO*',  2cno»5 
5 If (TEy*tTt4rOO*J  C8T8  7 
Ttx,4c0o» 

If  ( IfAtta.ll  .idTft  bC 
If  A. 2 
r,t*T9  16 

50  If  A, 3 

G»TP  16 

7 If ( TEy-23^0«  > 9»14iP 

8 If (TEx“25oO*I  1**16*15 
<3  If  <TEx“20C0*>  1C*12*1? 

10  rf^A  . •2644+2.6t-54lTFx-i5oo., 

A , ( •22bl9*i .?9?E-54TEx)»TEx  + 2*3733 

pM  T8  4q 

12  C‘*A  . •27738*1  •82e-6»(  TEX-?000*> 

t*  • t •22bl'>*l  •?92E.5*TEX)»TEX*2»3733 
CiM  T«  40 

14  C®*  • •2773«*1*82E-5»(TEX-2000*> 

hA  • ( •25987*5«35t»6»TEx ) »TEx-3T **04 
GM  79  *0 

16  C®A  . . 2865+1. 17E.54«TEx-2500,) 

*A  , ( .25987*5. 36E-6»TEx1«TEx. 37. 404 
3a  T9  *0 

20  If (tex*gt.3oo*>  oete  2i 
Ttx.3oO* 

If(IfA*EQ*i)  f,9TP  51 
If  A.b 
GMT*  ?4 

51  IfA.3 
goto  ?4 

21  If  (TEx’90u»)  ?3»28»22 
32  If (TEx-lPCO.)  28*30*30 

23  If(TEx*7og.|  ?4#26*r6 

24  C®*  . •2352*1. ir-5*<TEx-600*) 

'^A  • ( •2?6?3*  1 • J?6E*5»TExI  »TE>*3.521  4 

sa  T9  4c 

26  C®A  . .241**2. *E»5*(TEx-700* ) 

8*  . ( •22623+l»l2AE»5#TEx)*Tf x+3^5214 
&a  TP  40 

28  C®A  . .2458*3. 1E«5*<TEx-900» ) 

mA  , ( .2?t23*l .l?6E>5*TEx) •TEx+3^521* 
pO  TA  4C 

30  C"A  . *2458*3. lE-5»lTEx-900* ) 

V*  • ( •P?bl9Tl*292E»5#TEx)*TEx*®*3733 
40  C®f  « •9333-(5*87e*5*3.27e-2*(3500**TEX) )*(3500»»TEX) 
..f  a ( •50899*6*  l80t'5*TEx  I *TEx”132 .20 
C®  • iCPA*f ARx*C®r»/<l.*fA9X) 

►4  ■ ( mA.  F aPx  * hF  J / ( I . *F  ARX  I 
*“l»  , 28.97-.94tl«6*f ARx 
PtX  > 1.96637/API. 

• cP/(tP*KEX) 

3‘^x  « (Citi-i.l/G*' 

p£  Tjon 

FNO 
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Table  A-1.  Nonlinear  Engine  Simulation  Program  (Continued) 


it 

et 

3t 

5: 

7: 

s: 

9: 

lo* 

111 

lit 

13: 

is» 

16! 

17: 

U: 

19! 

|0! 

21! 

in 

83! 

2*: 

26! 

26! 

27! 

22! 

29! 

3q! 

3l! 

32! 

33! 

34! 

35! 

36! 

37! 

38! 

391 

*0! 

♦l! 

*25 

♦3! 

44: 

65! 

44! 

47! 

66! 

69! 


5g! 

S3! 

94! 

55! 

96! 


SUeReuTlNi  0VNAM(A«9V*TVfK0At.«KV9t.«KNR#IIAD*KKAD«K*/TWV«U0«HV#KtLD« 
ID^AB) 

D{MEN$I»N  A(eo),Pv(eoi«,/(tQ)fK9A|.4t&l«KVK<t6)*KMeft)«IIAOU).. 
DlHENSlBN  KRA0(2)/KAOQ)«TMV(t0>»N0|l0)«Wytt0)*KBL0l«)«0Mt(|6} 
C9«M6N/TOATA/TlHE,OT,titl»#»llefT 

C9Mnei»i/0*TA/Xl39>^Ut»^TA|3|»OXM!40>«Bxt60>*0!tU60lJCLM<603^  - 

ii(V9LiG*KGALi6«Kveu»tt*icoALaa*»THa«aL»><ft0ViMtc«*y»kc0«itttAi<0«TB<Km  - 
24<6ALB«KVeUB4HT,Tr4PT«K4#K2*wT«HCD«P0iWH«KNA|«KSKED#KrlQV«K3(IIV9 
3R*Tvo 

PEa^  lCTWVO*tC*'VU 

real  kB(K2«NC1« ICNiNclN«leVPR«tOV«Kl*Kf*K6«M«*K7«k*K«Ak«RVBV 
RE«l  KVBLB6«KgALeo<KvatcP«i<ttAicP«lta*t»«»CX»*>C¥Bl.»<l(V6t.TjlClRECD 
REal  xE16v«NCx<KNR«KRA0»XA#KMX^MAa»MWTTB»  tOVB«  ICWDfl*  1CXD|«  ICMVl  - 
rEaL.  iCTkivii  ICW02«  iCMV2«  1CTUV2#  ICW03>  1CWV3*  iCTwySi  1CWD6«  {fWV* 
rEal  lCTWV4*ICWDS«lCMVs«tCtNVB«ICWD6*tCHy6#tCTNVB«tCH0Tf fCWVr 
rEal  ICTWV7/ iCWDtf ICHV9*f CTnv2« tCTXBBf ICNH^a tCMOB«« tCTHCD* ICHCO 
real  lCyOCO«!CNB«ICRB«ICN««tCRT«tC*MT,tCWfaP#NCa*NCa*NC*»NOI»NeB 
REaL  NC7iNC64ittOEM04tTEB«tMPL«tM7a«L«KjC  . 

real  ><*•*  lCw09a#M»N0T  

REal  KBLO/K2<NRAT«KGALIQiKV9LlO 

equivalence  <ICw004WD0#X(1  M«(tCNVO*UVO*X(l  i>4|tCTMV0«THVp«X(|  ) 

1 )4(1Cwdi<woi<x(6  M*(icwyifwyt*x(i  ))#(iCTwyi«TMyi*Ki|  j 

2 )4( lCuDe4WDS4X(9  M4<tCNys4Nyt*X(9  M*(tCTMy|»TNVt*Kff  ) 

3 l«  ( tCwD3«u03«X(  10) ) ,( ICMV3«Xy3»jaltl  )<ilCTMy3#TXyaiXUH 

5 l4(ICwD54W054X!l6))»<ICHVS4HvS#x(V7))4(jCTyy94Tyyf*>{ilij 

6 ) 4 ( ICNC64  ho*4Ki 19)141 icyy44  wy44XiM ) > # < tcTMy«ATMy4«»rilJ 

7 )4 ( icwo74ND74X(ft) ) 4i tcwy74wy74X(|l) )4 ( icTwy7#Twrr4nf|ej 

8 >«(icuD8«Hot»K(iB)t4(icwy94yv84X(M>i4tietMyt«Tttys4iuPi 

9 ]4(icHoe64taoBG4xi28))4(icw»av4H9ay4xitfti)AtictM9attxAa4X4Joi4 

A 4(icwDCD4PDc04X(3U)4ttrMe0jMC04X<3t>i4<iCTxcD4TMcn4xiaai)  . 

3 / ( I CMB4  WB4X ( |4 ) ) 4 ( I CRB4RB4  X ( 39  > } 

C 4 ( ICH64H94X(36n4(lC9Hr>RHT«xi37n4 1 ICKT4RT4Xtltl  > 

0 4nCN,N«X|39>)#(HF,U(in/(9vB«U||)),{A94U(»)4(Pt«ITA(t)6 

E 4(T2fETA(2» )»(P6,|TA<3)» 

equivalence  (mOqOT  «0X{1  ))4(HV00T 

1 (mOiOT  40X16  >)4(UV}0T 

2 IW020T  40x(7  ))4(WV2DT 

3 (M0307  40X(10>)#(Wy3DT 

4 (W040T  40xa3))4(Wy40T 

5 (WDBDT  4DX|16M4(My90T 

6 (WD6DT  4DX(i9))4(UV6DT 

7 (U070T  4DXUr>)4(UV70T 

8 (WDBOT  40X(2B)|4(WV8dT 

7 (NDBaPT  40X{(9))4lHBayDT 

A (uOCDDT  40X(31>)4(NC0DT 

5 (HBOT 

C (HBOT  40X436)) 4 (RHTOT 

D (NOT  40X4391) 

999  C?NT1nUE 

TVo  « Txvo/RVO 
RTHO,fORT(TvO/9l8t7) 

ABL«FuNl(l49ya«l) 

08  299  1.148 

299  K*^R(  i)*(NaRA0(l))B«2/x2 


4OX42  )4-Mtxy4>DT  ^X+3  144  - 

40X45- JXalXXiAT  xJUia  )14  

40X(«  ))4(TwytOT  4DK|9  ))« 
40X411 ))4(TMy3aT-  4BX(lB))f 
40X416) )4(TNy60T  fOX4lB))4 
40xii7»)4(THyter  4DK|1B))« 

4 0xi2Al)44THy6DT  44)X42i.U« 
,0x4iiiX4iiMyii)T  ,4X1x426) j A 
40X(|6>)f|TMV907  40X427) )4 
40X499) )*47Hf|PT  40X490))4 
4DX|3| )l44TNCWT  40X4331)4 
40X4|6)I*490DT  4DX4WI))4 
40X437)  )44llTDT  4DX(31))4 


571  C DrNAMiCB 
981  E 

99!  C In:eT  and  8TAM  bnc 

60:  c 


57 


upwwi 


0^<^Hi|npiigHipi9^ 


Table  A*l.  NooUneEar  Engine  Simulation  Program  (Continued) 


»i; 

‘Cl  ■ N/iilHr 

6?! 

ktl'i  . NCl/lf-jOf 

6a: 

rJVPn.FuvK  >»'Ci‘.»2) 

6*: 

PO-J  . p£»IGVFti-.')0S.»P? 

6f; 

TJo  > Tj 

66: 

PVq  .kW9LI&  .TkVc 

67: 

»JnDT  • KuALl'i  •1PlO-PV?» 

6«: 

hVti-jT  ■ »(,o  • <*i  1 

69: 

• 1 •*»  ( Tl’«««C0"TwP«  *31 ) 

fi'- 

pV1.kvBl<i1)»Tiivi 

7i: 

ItLO  ■ PVo/l*.7 

7?: 

rPi  . /(PFu^  »*(H  n 

73: 

v77l  , «*(1)  ♦ k*I11)*FP1  * <*(?! )»FPl»rpX 

7<i; 

O^^Il  < VZT1/(*.RAP(  n.NCl  > 

7=: 

PSJPJ  ■ Fb^?t?«S’^Il>av9>A) 

76 : 

PSlTj,Fi,)N^(i/PH!i,{JV8.  1?) 

77: 

pOI.  pV0»ll»*PSTPl»<NPn)/TV0)»*3.b 

78: 

*J101.KC*CI11)«(P31-Pvn 

7o; 

*Vl7T.»tDl-wr.? 

ec: 

TVl  , T»vi/vVl 

•is 

Ul  • TvO*<iR(l)*PSITl 

«?; 
«3S  c. 

T8Vir>T*l.,«(T.>l«h|'l.TVl.HP?) 

•»:  c 

8^:  c 

STAct  Tj.9 

•fS 

PV?  . KV9u<Hl»T*.V2 

87; 

FiHl  . SGHT<Tvl/»il8.7) 

8«t 

fC?  • N/PTHl 

89: 

DtCl  • PVi/t*,7 

9c  : 

fP?  • “CP^P^Mj/cPELl**!!?)) 

9i: 

ViT?  . <*i?)  * <*ll?)»FP?  ♦ <*c7?)»FP?»FP2 

9fS 

P«I?  • VZ12/(<RAr<2>.vC?> 

9a; 

PSlP?,Fi.Nl  {^»PA*I?»7) 

9«: 

pjg  . Pvl«  { 1 •«PSIP2><  mR|f)/Tvi  ) 

9»,: 

kO?3T,Xc  At.  ( ] p 1 • 1 PC2«P  Vp  ) 

9*.: 

wV?DT.*»D?.»r3 

97s 

TVj  , T^Vj./.V.^ 

9.; 

PbtTp.FyNil,  ,P»  I?»9  J 

99; 

tOp  , Tvi*«\c,2j«ps1t? 

lOo: 
lOi;  c 

TWv?nT»l •*«(Tc2.r^p.Tv?.*r3» 

10?:  C 
103:  i- 

ST*5t  7MPEfc 

10*: 

pV3  . Kv9l«  13)  •TV'VS 

lOf,: 

9TM3  , SQt-T( 

106 : 

SC3  ,s/f.TH? 

IO7; 

etc?  . PV^/16.7 

l0«: 

F®3  ■ R03.WTMp/;nFc?»*l 13) » 

1O9: 

, *A{3)  * iiA(13)*FP3  ♦ < A ( 23 ) »FP3«  FPi 

llO! 

p^^Il  . vZT3/{*RAr>,3),M^3) 

Hi! 

PSI?3.FuNJ (7*phI3,ll  ) 

il?: 

p33  , Pv2.(i.,PStP3»<W(3)/TvP)««3.b 

ila; 

» jait.KcAmsj.iPca.Pva) 

lU: 

TV?  , TrV3/..V3 

lie; 

t.  lw3  . b3Hl  ( T^3/91B.71 

llfr! 

*91.7  .•<tLl.(3)  •*K*PV3/(«.3*PTm3j 

II7: 

« V »,.L  3 

ip: 

1I9: 

Pi>!T3.Fi;N,  ( , ,P)l3#j3) 

TO3  . Tvp,«-.p,3),pSIT3 

l2f  : 

Hi:  c 

TAv7pT»j.««(  T)3»»,r'3.T  V3»(K?A»*0L3n 
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Table  A-1,  Nonlinear  Engine  Simulation  Program  (Continued) 


12? 

123 

12*^ 

12(. 

127 

128 
12? 
13  j 
I3l 
13? 
133 
13* 
13b 

136 

137 
13r 
139 
i*0 
1*1 
1*? 
1*3 
1** 
l*b 
1*6 
1*7 
1*8 
1*9 
l5r 
I5l 
l5? 
IS3 

is* 

155 

l5* 

167 

158 

l5g 

16c 

I6l 

16? 

163 

16« 

165 

166 
1 67 
16? 
16? 
l7c 
l7l 
1’? 
173 
17* 

175 

176 

177 
17? 
179 
18c 
l«l 
18? 


sr*3t 

PV4  ■ 8WPU( 1*)*7^V6 
I'Ck  > 

CtL3  ■ FV3/j*.7 

F<’*  * <iC*«BTM  J/(rEU3»  *t  1*  I 1 

vZTfc  . ,iA(4)  * kA(1*).FP*  ♦ <*(P*  J.FPo.FP* 
P^^I*  • VZT*.'!^^*?!*!*^*' 

PbIP*.Fuvl  {'•  »PPl*»15) 

PL)fc  « Pv3«  ( * •♦PS  TP*  »<MPt  * )/7V3)  • •3»‘' 

• 0i»3T.<CALI  l*»»(Pr.*-Pv*) 

TV*  • TkV»/'vV* 

»Tm*  • SQkT ( Tv*/bl8.7 ) 

»3U*  ><cLU(*»**bl  •PW*/(*3»PTk4*) 

•,v*:^T■^•(D*-w.:;5.«iF.L* 

P31t*.FuM  nO»PT-t*»17j 

T^*  > Tv3*<’'P(  * )*PSI  T* 

T^VA’^T*!  .*.(T0**6D*-TV*»  t wT^+^  aL*) ) 

STAr,t  FtvE 

PV5  ■ <VPl<  15)«T«»V5 
aC5  • N/9TM* 

?tL*  « Fv*/1*.7 

FP5  > "&5*RT*-*/(Fti.*»*l  l5n 

VZT5  , <At5)  ♦ ^AjlST.FPb  ♦ <A(?'^)*F'*5*FP-} 

P‘^15  . VzT5/{k«*P<5).*iC5) 

pS1P5,F^S1  (H,PH5,j9) 

p35  ■ Pv*«(1»*PSIP!>.<^Rc6>/7v*>*.3-5 

► J53T,«(,ALn5)*(PP5»PV5) 

TVS  , T*wb/*Vb 

> S367(T^5/f>18»7) 

»3L5  .<bLt(=>».*bl..Pv5/l<3.‘»T*ie,) 

*V53T,«0s.»(D6*Pel.5 

FSlT5sPliNlti?.P*>l5,?i  j 

t35  . Tv*tASR(5)*PSIT5 
T*v5^T*l«*«(  To5«*Pb»Ty5«  ( *D6*  Ai'l-* ) ) 


STAst  STy 

0V6  • 8y9L( I6»*Tav6 

•»C6  ■ N/RTH5 

ptLS  • pvb/l**7 

r‘'6  « wD6«RTH5/trEL5*»{  If  ) ) 

viTfc  • AA(6»  ♦ «A(1#).FPA  ♦ <A(?A)*FP6»FPt 

P^If  ■ VZT6/U«AP<6)»NC6) 

obIP6.Fo'Vi<  t3>^^l6«?3) 

POf  • PV5»<1**PSJP6*<N9,6)/Tv8,,».9.c 

S J63T.AbAL( 16)* |PD6»PV6) 

AV63T.AC,6-*:r7 
TV6  • T»V6/aV** 

PSIT6.Fu'V1(1*»PM6»?5i 

T^f  • 7y5»KNR( 6 )*PSI76 
TavAPT*!  •**,Tr)6.K';6*Ty6»>'07) 


STijE  5EVE^ 

PV7  • <vBu(l7)»T«y7 
kTH6  . SQKT(Tv6/5i8.7i 
sC7  , TI/RTHA 
ptL6  , Fvt)/1**7 
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Table  A-1 


Nonlinear  Engine  Simulation  Program  (Continued) 


I8p: 

1*7; 
18<>: 
189: 
l9c: 
I9l! 
l9?: 
193! 
l9<t: 
■i96: 
196: 
197: 
i98: 
i9?: 
?Oo: 
20 1 : 
20?; 
203: 
20»: 
20s: 
2^6: 
3C7: 

20p: 

j09: 

21ci: 

2ii: 

21? 

213 

21« 

21e 

216 

217 

2l» 

219 

220 
221 
2?2 
223 
22* 
22? 
226 

227 

228 

229 

230 

2?1 

232 

233 
23* 
23? 

236 

237 

238 

239 
260 
2*1 
2*2 
2*3 


C 

c 

c. 


c 

c 


c 

c 

c 


c 

c 

c 


t“7  . WC7«‘?T^6/;DEL6«*(  17)  ) 
v2T7  . «*(7)  ♦ K*a7).FP7  ♦ <A(  ?7)»FP7»FC>7 
* V2T7/(KS*Df7)»NC7) 
o:>IP7,FjM  ( ibjPF*17<  27) 

Pli7  ■ p^6«(1»*PSIP7*KN‘<{7)/TV6)»*3»? 

»a7')T.iCCiAL(l7)*(PD7«PV7 

,V7r)T.''07*n[i8 

TV7  . T»V7/»,V7 

PbIT7.PuM !16»PPl7i29) 

107  • Tv6*K*'*:'(7)«pSIT7 
T'*v7  >T*l»4**>(Tr)7«wo7*7v7»wr'*/ 

STA;.t  FlG'^T 

3VH  . <v9un8)*TwV8 

9{h7  ■ SOt-Tc  Tv7/?18.7) 

k;C8  I N/STH7 

0tL7  ■ PV7/14.7 

rP8  • i«ca,RTw7/(DEl,7»A(  1?)  ) 

V<tT8  . KA,8)  * kA;i8).FP8  ♦ < A ; ?R ) *FP«*FP8 

P^IA  . VZ78./(i<»*P(8)»NC«) 

PbIPg„FjNi ( i7.PPl8i3l ) 

oOr  m Pv7»tl**PStP8*<NR(8)/Tv7)**3t? 

wUR3T.K(iAl,(l8)*(P08-PV8) 

V.VP0T*WD*»*P6v 
T/8  . TmVo/xV> 

P.lITR.FuAil  ( 18»Pt-l8»33) 

' /7♦8^.P(8)*PSIT8 
T/>,  '♦  1»«»(T08»)<D8»Tv8»w8GV) 

*UTLtT  guide  vanes 

▼BQv  ■ TABO/WDOri 

TW93PT*i .6*( TV8»WBQV»T9GV»WC0 I 

PB&V  ■ Svt:LPG»TKBC 

»C)GVDT*«G8LPG»(PV8-P90V  )*K*0V»w*0V*k95V 
w093OT*a9uV»ui:0 

C9P“‘<ESSPP  DISC^-aRGE 


tsIC  • 'o33*» 
tCO  • TnClJ/**DC0 

TXICDHT*  ( T9GV**'..D«  TCD»  ( wa+<*7C  } )•)  •* 
pCD  • Kv9L.CD»''««CD 
hCooT.fOAt.COA  <PPGV»PCD) 

K'JCDDT«>>CD'*?-RTC 

a'jRf.tR 

FAB.wf/aB 

TB.TFNH(2,FA,,,Mp,TV  ) 

DELPH  • KwB**ii*»?/PCD.  ( .77l*TCD».086*Tei 
*'90T  . aG*UB*(PCD.PB»DELPB) 

^‘ATTB  • M/SoRT(TB) 
hT  . «HT/KiT 
F*T.hF/(WD*NF»WTC) 
tT,TFnK(3.«FAT,HT,Tv) 

P7  • k*»«T*TT 

pTPt)  . PT/PB 

v,TT\Ph  . F UN?(3»PTPB*SIRTTb,.6) 

■^7  , ^TT\F'b;N»Pl/TU 
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Table  A^l.  Nonlinear  Engine  Simulation  Program  (Continued) 


2*i»! 

8*51 
8*6: 
8*7: 
8*?: 
8*9 : 
85q: 
85i; 
8Se: 
8Bs: 
856: 
8561 
856: 
85?: 
85e: 
859 : 

86o: 
8*1 : 
8*8 : 
86a: 
8*6: 
8*5: 
r*6: 
8*7: 
866 : 
869: 
87o: 


87a: 

8?6: 

375: 

87&: 

87?: 

376 

879 

85o 

e«i 

88? 

8»3 

886 

885 

886 
887 
88rt 

889 

89c 

29t 

89? 

893 

896 

895 

896 

897 
896 
899 

aoo 

30i 

30? 

303 


PJDLTB*PB» (VB-TCC) 

FUa.pUNl  (l9<PB0LTu/3b) 

C*U.  P«eCOM(O**TCD»C6CD<eMCP«Q«C0XiWCOf IFA) 

p907.KVeLo*(MC06WB6l8650**E7AB**F»i<T6HB> 

U30"  • MB/Pa*(P8DT>KV0LB/l>**6*5*(wB*MF.6T)  ) 

P0PT.P6/PT 

6NT<NP*M8hEV (P0?T) 

hM  • wNT<NP.A86KNlA8»PT/SaRT{TT) 

CHTNT0  • FUN8t**PTPB»NfiTTl3,Si 
0'^T,N/l000*«CPlTKT6«SQRTt1  d) 

P^^T0T«  (wB6*T6hC0*wTC*0hT6WT>  T6WN)/i  iSa 
PTOT  , (WT6HTC*hF')/l*53 

k^LTBL  • 6BL36Tva*wbl.66TV66W9L6»Tv5 

OU«HC.HCD.WCD**8*»<6BUT3L»TV06WOO) 

DLMbT,HB,KT«MC0«t<lTC*HT.6lM 

KpT,<sPtEC/N#{0U«'PT-0LwwCi 
60q  , l^TuRL( |C6Do<*DoDT) 

WJo  • tNTQRLc  ICWVO/WVODT) 

V«'V5.  If'TGhLi  ICThvO<  Ti^vODT) 
hOj,  lNTCiRt.(  ICrtOl  »W0lDT) 
i»Vl,  lNTfjR|.(  IC»V1»WV1DT} 

T“vi* 1NTghL( ICTwviiTwvlDT) 

60?, INT^nut IC«0?»wD?0T> 

6V0,  ImT[,R^(  tC«V?»wv8DT) 

T-V8.  INIgHLi  ICTUv?*T*(v8DT) 

6O3.  IMT&RLt  IC,X-3*WD3DT) 

V,V3.  InTc,R^,(  IC*V3jwV30T| 

Twv3i INTGRUI 1CT6V3»Twv3DT) 
wO*i InTgRu ( IC606»6D*0T) 
wV6.1wTgRL(  IC<-V6,6V*0T) 

TWVA« INTORU: 1CT6V6*TwV6DT) 
wOb.tNfGRu IC«Dt6w05DT) 
hVSi InTgHuc IcaV5#wV50T) 

TWV5»  tNT0RuTctwV5»TrtV5DT) 
wOd*  InTqRi.:  Ic*D6« uDfDT) 
wV6i  IN^ORi,:  IC-Vf  «wV60T) 

TWV6i  I'^TGkU  1c7WV6*TKV6D7) 

6U7>  iNT&Ht*  IC«1)7»6q7oT) 
i>V7.  tC6V7/6V7oT) 

TWV7. INTGrUC ICT6V7»TWV7uT) 

»08»  I n^GRL  ( iC'iOP*  6DAD7  ) 
hVR,  In  Tori.;  IC6V6»kV6DT) 

T6VR. InTGkLI ICTuV6,TWV80T ) 

T'lflC.  INTGfill  ICTwPG/TwbGDT) 

WOGV* INTGkLI IC6rGV#68GVDT | 
kOrg* INTGkLi ICHPPG* wDBGOT I 
TWCD. iNTGkUI 1CT6CC»TwC00T ) 
hCo. jnTgRLI lC«CO« 6CDDT) 
kOC3. iNTCRLi IC6rcr,uDCDDT) 
kB  • INtQM!  ;C«bi^BCT) 

03  . INtGkLI ICPbiPBOT) 

»3  • INtG>*L(  lCHt*wbDT) 

• KTvjPLI  1CPPt»PHT0T) 

PI  • IMOKLI  ICRTjPtOT) 

^ . I>"Tc,Ru(  IC^»^DT) 

' IC«T,0 

5771(999, 99'J/')9«»996).  IST.  P 
998  C“‘'’)--<OE 

BLT.jC'j 

ENO 
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Table  A-1.  Nonlinear  Engine  Simulation  Program  (Continued) 


i:  cJmCTiBN  heREy(r«oT) 

(P<!pT.Gt.l.)  G«T8  1 

3:  lt^(OPPT.Gt..53)  ►'0KFV.P9PT..(i«/l»<t)»SQRT,i,-PBPT,.(  iK/jut)  > 

'•S  lF‘(PPpT,Gt»0‘*A''F.PPPT»LF««53)  ►<8i<EV»  .2SB» 

f:  PtTu-»\ 

f!  I pOkEV.O. 

7;  »fcTjP\ 

p ; t '<0 


1 ‘ 

PS 

3S 

FS 

•»! 

frS 

7: 

PS 

9S 

los 
ll  s 

1^S 
13S 
Us 
15S 
US 
17  5 
US 
US 
Be: 


FUNCTrB^  S ^^St■Tt^,2x,^lP,^l,^lg) 

C3MM«n  XX(17»‘j),YY(17.5)»NX(5)»MYt5)».  I ( 1 7#  J 7,  a ) , VDEL  ( *0  1 » 

1 1 I ,SL.Pi  (*0)  »SLP3(*0)»ZPTi  t 4o)  , ^PT?  t i,o» 

CMmmbn  Xl(?l,ai  )<ZlSPl»2n  »«(50)<>lX(23),XDJF(50)»SUPtPO)i 

UPT(Fn) 

DiMENsiBN  zxn 

►•X(N)  • \p 

08  10  J*UMP 

<*8«j 

x1(j»k)  • zx(<-n 

10  zl (J<^)  • ZX(<) 

F'^liJFT  • J.' 

08  30 

x^(\R)  • e 

X'JJPSnRI  • Xl  (Zj'“l«Xl(  UK'S 
ZPT(nr)  ■ Z1(U» ) 

SLP(  NR)  .(Zl(?»M-ZlSl»N)  )/X01F  (NR) 

30  Continue 
return 
end 
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Table  A-1.  Nonlinear  Engine  Simulation  Program  (Continued) 


f.  i 


1 

e 

3t 

It  “ 

5 

6 


FUNiCTjeN.  f UKI(NjXIK«N«) 

xX(l7»5>«Vva7.5)»NX(5)<'jyt5>»i2Za7*17»5»*YDtL(‘»01# 

1 jJ«*0).S|,Pl(*0)>SLPa(*01*2P7l(*0)*ZPT2(*0) 

C“Miil>N  Xl(21#21)«21(ai»21)  i<K(50)*MX(P3)  »X2IF(50)*SLP(50>* 

lZ'*T(iS0> 


7*. 

lOUO  • ( 

a: 

kXP  . Hx(n» 

9t 

:P( KiN'Xl t I8L0<K> > 105#105»120 

lO! 

105 

I!^{XIN*X1  ( ieLD*l/M|  ) 160<160/U0 

ii: 

110 

I . IQLO 

la: 

QB  T9  250 

13: 

C 

CBUNT  UP 

u: 

120 

IP(XIN“X1 iMxPjNj ) 125»180»309 

Is; 

1?5 

N|P  • I8U0  ♦ 1 

la: 

0®  130  1 • NFi'^xP 

17: 

lP(XlN-xl( I*N) ) 200/200»130 

Ui 

130 

CONTlNUt 

19; 

GO  T9  200 

20! 

C 

COUNT  06V.N 

2lS 

160 

(xlN-XU 1<N) ) 300*  190*165 

22  i 

165 

M.  . I8u0  • 2 

23S 

08  150  X • i*Nl. 

Zki 

I ■ !9UD  • K 

2s: 

I>^(xtN-xl(  I«l*Nn  15P/15C*  200 

26! 

150 

CONTINUE 

27! 

GO  T9  200 

28! 

180 

r.  N)(p 

29! 

fjO  T9  200 

30! 

190 

I . ? 

31! 

200 

, xl  ( I*!^)'Xl  ( I'l**^) 

32! 

ZPT(NR)  • Zl(  1«1»N) 

33! 

SlP(NP)  .(Zl(  I,M.ZPT(NR))/XDIF(NR) 

3<.: 

250 

x'lNC  • XiN-Xl  ( 1-1«N) 

35: 

FUNI  . iPT(NR)*xtNC»SLP(X>P! 

36! 

• 1 

37! 

RtTUN\ 

3a: 

300 

C^JNTjNUt 

39; 

(XJN'LT.XK  1»M  iFUNl.Zl(liV) 

60! 

jF(X  1N*GT.X1  ( >4XP»N)  )PUN1»Z1(NXP»M 

61 : 

OtTUON 

62! 

END 
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Table  A-1.  Nonlinear  Engine  Simulation  Program  (Continued) 


i:  fJnCTT8\ 

j;  XX(17»5!*yy(17»5)#^X(5)»^Y(5)»22Z(i7/X7#5)#vDEL(*0)» 

3;  1 ll(*n)*jJ(*CI>StPl('*0)iSLP?(%D)»ZPTH*0)»2PT2(40) 

4i:  XU21/21><Z1(21'S1»*<'<|50)*"X(?3)»xDIE(50)<SLP(50)« 

5!  iZ'^TcSol 

ot*<ENSteN  xi  i)*V(iuz<i» 

7:  10  NX(N)  • NxP 

x:  K'Y(m  • nyp 

9S  08  15  J.1»^YP 

Ics  YY(J#^)  • Y(J) 

li;  38  15  t.liNxP 

IPS  K • I♦(J-1U^XP 

13:  IS  z2Z( ■ Z(xl 

US  08  20  IpliNxP 

15:  20  XX( I jM)  ■ X( I ) 

16S  PNjsET  . 1.0 

17S  00  30 

16S  IIC^P)  * 2 

19S  JJ(NR)  • 2 

20S  XlJEU  • XX(2iN|»XX<l<M> 

2lS  yOei.<nR)  • YY(2«N)-YY(i»n» 

2ps  Z<*Tk*jR)  < 2ZZ<1»17^» 

23:  ZPTp<N«)  ( Z2Z<1<2*^<> 

2*:  Sl.Pi<N«)  . (ZZZ<2*l''<>’Z’’TitlYfi))/xOEL. 

25s  SC.P2(‘JS)  • (ZZi<2<2*N)-2PT?cMR)  )/xDEL 

26S  30  CONTINUE 

27S  BtTuflN 

2e:  E^D 


Table  A-1.  Nonlinear  Engine  Simulation  Program  (Concluded) 


J! 

li 

3i 

«: 

c 

7: 

9! 

lo: 

Ji: 
t?i 
13:  c 
U! 

1%: 

l6! 

it: 

let 

19; 

I?  I 

III 

33: 

2k : 

*5: 

26 : 

27 : 

28 : 
29: 
30! 

3?t 
33!  C 

3k  I 

35! 

36! 

37! 

38! 

39! 

kos  C 

♦1! 

»2l 

*3! 

k«: 


*5! 
66! 
*7!  c 
68! 
*9! 

5g ! 
5l! 
581 
S3: 
5k! 
5s: 
56! 
57! 
58! 
59! 

6o  i C 
*1! 
68! 
63! 

6k : 

66! 

66! 

67!  C 

6S! 

691 

?0! 

7l! 

7j! 

73! 

7k! 

75! 

761 


FUkiCTjON  M,'*8(i'!»XlN»7Ilk,NB) 

C0MM9N  *X(  17*5)  j7V(l7i5> (51* (51*222  U7i  17.5)*  YOEuf  60  H 

1 Jl (60) *JJ(* :).SL2l( 60) *SLP8(k0l»22Tl( 60) *2218(60) 

CeHMSKI  Xl(8l*2l)*2t(8l*81l*KK(B0)*H)((23)<XC|r(90)*5UP(S0)* 

llPT(5o! 

TtgT  rOR  A IS  PREkISUs  INTERVAL 
NXP  • NX (S' 


I«LD  k It('.R| 

I2(xIN  • x)(ISL0.N))  10E*10S*180 
105  1P(X1N  - XM  I6U0-1.N))  160*160*110 
no  I ■ I8L0 
Gt)  T9  2oo 

COUNT  up 

180  I7(XIn  • jX(NxP.N))  185*180*180 
125  sP  • i8l0  ♦ 1 

00  130  1 • ST* NXP 

IT(>(n  • iX( I*N)1800*800*130 
130  continue 
60  T9  8ac 
COUNT  0s*N 

IkO  IT(XIn-X) ( 1*S) ) 190*190*165 
165  NL  • IOLO  *2 
0»  ISO*  • 1'NL 

1 . lOLO  . K 


I T I X I N*i;x  ( I '1  *N ) ) 150*  1GO*200 
150  cOntinUi: 
g0T9  ?03 
180  ItNxP 

xlN*xX'.NxP*N) 

GO  T9  800 


190  1 • P 

xlN.X)  (1*M 

TEST  I'OR  Y IN  P-»::V*8US  INTE#vAt 
800  NTP  , NY(N| 
jOLO  • „J(NH) 

IP(YIN  . yT(j8LC.ni)  805*  205*  220 
205  tT(YlN  • TY( J9LD»1*N) ) 860*260*210 
810  J • jOW 

tP(l«l5LD)  300*600*300 
COUNT  UP 

820  IT(Y1N  • TY(NYP*N)1  285*  280*280 
225  NT  • J«LD  ♦ 1 

O'*  230  V • Sr*NYP 
IT(Y|ij  • YY(j*Nn  300*300*830 
230  Continue 
gO  T9  3oo 

COUNT  OSNN 

860  IT(TIn  • YYd.N)  1890*290*265 
865  '1  , jBuO  • 2 
5O  850  < ■ 1»NL 
J ■ J9LD  • < 

IT(tIn  'YY(j»1*H!  290*250*300 
890  Continue 
GO  t9  3ao 
280  J • nyP 

v1n.YY(NYP*>.| 

GO  T9  3oo 
890  J • 2 

y1N.yy(i*N) 

COMPUTE  ZIYI  intercepts  and  Slopes 

300  X'JEL  ■ XX(  I*N)»XX(  I»l*N) 

yOEU(nR|  ■ YY( J*N).YY( J.1,N) 

Z^Ti (nR)  I iZi ( I-I* J«1*N) 

ZPT?(nRi  • Z22  < I»1*J*N) 

SLPI(NH)  . (ZZ2(l*U-l,N).ZPTi,NR))/xl>EL 
SLp?(NR|  • (ZZZd.J.NlkZPTPlNRD/xOEL 

interpolate  for  answer 

600  Il(NR)  ■ 1 
JJ(NR)  . ^ 

yINC  • XIN-XX(  NIjN) 

pIZZ  • ZPTl(NR)*xINC»SLPlcNR) 

P*Z2  • ZPT2(NR)kXlNC»SLP2(NR) 
yFBAc  • ( Y IN«YY( J.1*N) )/YDEL(NR) 

EJN2  . P1Z2  ♦ YEB*Ck(P2ZZ»PlZ2l 
BLTuRn 


ENO 


Table  A- 2.  Reduced-Order  Component  Model 


1 

t 

3 

4 

5 
« 
T 

f 

10 

11 

It 

19 

14 

It 

u 

it 

II 

If 

to 

*1 

tt 

tt 

ti- 

ts 

I; 

ti 

tt 

to 

91 

it 

99 

94 

99 

3l 

37 

38 

39 
*0 
*1 

42 

43 

44 

45 

46 

47 
4S 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 
50 


^OOOqOqoO 

OoOoOoOl 

OoOqOOOI 

OoOqOOOS 

OoooOooi 

OoOqOOOS 

OoOoOOOl 

OoOqOOO? 

OoOqOOIO 

OoOoOoil 

OgOQOoit 

000o00l3 

OoOqOOI^ 

OgOgOoiB 

OgOgOOlf 

OoOoOol" 

OoOoQOtO 

OoOoOOtl 

ooooooat 

OOOoOott 

OQOoOot* 

OOOQOOtf 

OroQOot* 

0<i0o00t7 

00000'030 

0000<K)31 

OoOgOoSt 

O00qOq33 

OOOOP039 

OOOoOolS 

P0090036 

0o0o0oj7 

00000940 

OOO0OO41 

0A0g004t 

O00qO043 

0000P044 

OoOqOo45 

OoOqOO** 

OoOqOqI' 

OoOoPQtP 

OoOqPO*! 

OgOgOoP' 

OoOoOo®? 

OoOOOqS* 

OoOoOoS* 

OoOqOoS* 

O000O057 . 

00000060 

00000061 

0o0o0062 

OoOo9063 

0o0o0o6* 

0o0o0o65 

0o0o0066 

000o0067 

OqOoOo70 

00000071 

Oo0o0o7? 

00000073 


OIMeMSlO*^  I0V(*t)«A<2OI*PV(2O)/TV(2O)/YYHi4l/X)(l  (17XZ2K  196) 
OIhEnSISN  L(20)«V(20l4<GAL(20)«KVBL(20)«KNR<8)*RAD(a)#<ftAO(R) 
OIMEN818N  ka«30) 

OIHCNStfin  TWV{20)4WD|20><WV(20i«KBLD(8)<Dp4B( L4) 
CBmHSN/TOatA/T!Me,OTH 

CBnMsN/OAifA/X(  2)/U(4)»ETA(3>*DxrH  6)<DX(  6)<0Xl(  6)*CLH(  6><KVauI 
IQa  RTHO*  KyBLBO<KQAtBG<KBCiV#WTC«KVBLCD»KGAUCO«  K4B<KGALB< 
2HT«  'K4«k2*UTaHCP«<VSLB<P0«WN/KNA8#K&PeED«KGAUG«KPIGV«K3* 

3HBL3i MBL4, WBLB«HCD«  HOCD/ TWCDi ET AB>  DHT 
4<TCD«  WB*HBAPB«EttOB 

ICAt  KS**(84NCU  ICN«NC1Ma  1QVPR<  IGV>Kl>K3iK4«K6«K7«LiKGAL'KVgL 
Seal  KVBLaQjKOALBQ.KyOCCD«KOALCD<KGALBAKMB<XvBLB<KVBLT«KSPEEO 
ICAL  Kp!aY<NCX«KKM*KRAD*XA«K0GV4KNAB*NRTTBA ICPVOi ICmDO* 1CWD1< IC4vl 
ICAL  ICTMvif ]CWD2« ICPV2* ICTMV25  tCW03* ICWva^ ICTWV3/ ICPD4< ICxV4 

Real  ictwva, icwds, tcpvs/  ictmvs^  icwd6« icwv6<  icrpv6<  icwd7<  ic,«v7 

real  1c7Mv7« iCwOI^ ICMVB« ICTMVS, tCTPBQ, ICwBGY, ICMDBq, ICTWCD, ICmCD 

REAL  1cwOcO,ICkS*1CRB,ICHB, ICRTiICRHT, ICmFoP>NC2,NC3,NC4,Nc5,nC6 

REAL  NC7<NC8,RDEhC.-  ITER..  JMPL,  tNTGRL.KJC 

REAL  KAIjICWOBQ«N,nOT 

real  K|LDaK2«NRAT,k6ALIQ,KYBLIs 

equivalence ( ICNaNaX* 1) ) 

equivalence 

2 (NOT/OXI  1 ))A(wr«U(l> )4(BVB4U(S) )4(Ab«U(3) )« (p2/ETA( 1 

3))ii<TV0«j2<ETA<2)),(p8,ETAt3M<  IU(4).ABL» 

Equivalence  (Tmicath,x(2))>(Tmdt,ox<2)) 


(rco#BXI3l)A(P'»UA(4) I* ( (B/DX(5 


8099 

6306 

1030 


tQUlVAL4'*Ce 
rewind  3 
continue 
RCAD(S<63Q6>  CNROR 
IF(CrRbR«Cq*0*0)  QO  TB  8098 

F8RMAT(0l2.5) 

RCAD|5«80^0)  Nx«NU«N£iNR<DPERT 
rORNAT(4l2<31ttS) 

RCwInD  7 

DATA  (DPNg( I j « |alAl4)/>6o«7«25E*4> •7o*7»07E*4* .Bo/B^BBE'a*  •85* 6»9E 
I "A* •90«6*96E*4« •97»6»96E»4/ 1 •0<7.38E-4/ 

DATA  (kBLD( I)»l»l*l)/2#0»*l»l025#i»0572»i.o4ii»3»0t/ 

DATA  Ik0*L(  I l»I»l»8J/25542*»2794g.#'27g47.#a6407»#24084.f2is7j.»gpi 
lS6>«2t.43^</ 

O/TA  UVBt«X)»l4j*8)/1.9io7»3t37ll»4.9797a7*o838i9#3o«7»ll .2953*13 
I«7727*i5*i2i9^, 

DATA  (TV 1 1 1 « |•i«2Qi/l•^6oO*'l3•5l8•7/ 

DATA  <TWV(I},:,l,g{jj/to#io*7 
DATA  (mD(1  ).« |•i«^ol/to•3o*7 
DATA  (WV< I)»l»I/2oi/t04«0i7 
READ(7| ( lSV( n«I«l*18) 

Pll  .FniSeT(j*IGV  »9*l»l) 

READi7i(1gV(I)*I-1»38I 
F14  .Fn1SET(*#IGV  »l9.4a9) 

PEADi 7| ( Igvi I)*I«1«20| 

F12  .Fn1SET{?»IQV»i0.2.2, 

RE*Oj  7, i tsv; 1)< lal.lB) 

Fl3  .Fn1Set,3#!GV»9»  3#3, 

REA0j7|(  lGV(I)*Itil.40) 

Fl5  .FmSeTjS.igv  .20.6,7) 

READ^7)(IqV(I).N1,42) 

F16  .FmSeT(6.IQV  ,2i.S<9) 

READ^7) ( IgV( I). 1*1. 34) 

Fj7  .FmSet, 7.13V  .17.10.111 

READi7) ( Jgv< I). 1*1.38) 
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Table  A- 2 


Reduced-Order  Component  Model  (Continued) 


62  o6o:oc'^ 

63  00Cj0r?6 
6n  OoooOa?^ 

65  O0O3O1OO 

66  O'jOjOlOl 
67'  OoOoOlO? 

68  0o0o3l03 

69  0o0?0l0* 

70  Of'OoOlQ?’ 

71  O^000iq6 
7e  0000O107 
73  OoOtOiiO 

7(*  OOOoOlll 

75  0o0o0ll2 

76  O0O0Oll3 

77  OoOoOll'* 

78  OoOoOllS 

79  OOCoOll* 

«0  0o0o0ll7 
61  000:0120 
62  0o0o0l2l 
83  OoOoOi22 
86  000o0l23 

85  00C00l?6 

86  OoOoOl?^ 

87  0o0o0l26 

88  00000127 

89  00000130 

90  O0O0O13I 

91  oooooia? 

92  000j0l33 

93  O0OCO136 

96  00000l35 

95  O000OI3* 

?6  0o0o0l37 

97  0o0o0l60 

98  00O0Ol6l 

99  oooo0i6e 

100  0o0o0l63 

101  O0C0OI66 

102  OoOo0165 

103  QOO0OI66 
IO6  00000167 
t05  OoOoOlsO 

106  O0O3OI5I 

107  OoO:0152 
lC8  00000153 

109  O0O0O156 

110  0000O155 

111  O0O0O158 

112  O0O0O157 

113  O0O0OI6O 

116  0o0o0l6l 

115  00000162 

116  00000163 

117  O0O0OI66 

118  00000l65 

119  O0O0OI66 

120  OoOoOi67 

121  O0O0O17O 


flf  .8MSET(B,t5i/  <19.12»13) 

6E*D(7)  t l5''(  n»I.l*36) 

fl9  ^PmSet  ( o,  1 3i/  >13>l6«l5) 

f^t6Dr7i(>G‘.'(n#I,l/6j) 

F11C,FMSET(10.I3V.2o*  16. 17) 

6E*D(  7)  ( Iav(  n.  I,l»32) 

Fltl,fMSET(il.I5'/  .16M8.19) 

i^E60(7|(  l3v(  111!. 1.36) 

F112.EMSeT(i2,IGV.18#20.21) 

0EAD(7)(lGvtn, 1.1,26) 
fl)3iF-.lSET(i3,l5V  »13>22.23) 

«E*0(7)  < tO'.'t  I).  l«l»26) 

Fl)6;F:».lSETn6.l3V  .13,2*. 25) 

FEAD(7) ( 1gv( n» l»l»3C) 

Fl  1 5.f  mSET ( ) 5,  1 GV  ,15»26>27) 

PEADt  7) ( Isv( I )> Ial.2b) 

F1)6.FMSFT()6,  IGV.13,28,29) 

R£AD[7( ( l3w( n . I«1.30) 

Fii7.FMSeT()7.  IGV  »15jJ0*31> 

ReA0(7|tl5V(l)#I«l,32) 

F1)8.FmSeT()8,  lOV  .16<32>33) 

PE*D(7»<l3V<n. 1-1,28) 

F1)9.F-^1SeT()9,  IGV  .16,34*35) 

Fl20.FNlSET<?0,OP«a'7'36,37> 

READ(7) { 1gv( I). 1-1,60) 

1GvI6)-1*?9 
lGv(8)«l*3®5 
08  6301  1-9.39,2 

Il-M 

xsq-igv«!>»Igv<1> 

FBFX-XS0»1.031966679E-9-IgV( I ) *l . 735330756E*»42* 129^61925 
6301  lGV(Il)-fflFx 

Fl?liFMSET(2l,  IGV  .20.38.39) 

KEAD(7) U( I). 1-1.20) 

HEA0(7) tU( I)»I-1.20) 

«E*D(7MV(1). 1-1.20) 

READ(7)<I3V  (I). 1-1,20) 

REAd(7)(I3V  <n.t-l.20) 

REAQ(7) (9*0( I ). 1-1,8) 

RE AD(7)«kPAD(T). 1.1.8) 

RE  a.O(7)«pv(I). 1-1.20) 

RE  AO ( 7 ) < 1 3V ( I ) . 1 - 1 . 20 ) 

REAd(7Hyvi  ( I ).  1-1.5) 

RFA(5(7)<XX1(1».1-1.13) 

RE*0(7) <ZZ1 t 1 )» 1-1.65) 

FI-  FN2SETJ i,Xxl.rYl,ZZl,13.5. 1.2) 

REAo(7)(i(A(I),1-1.30) 

REA|3t7)(YYl(l). 1-1,6) 
rEAo(7)<XX1|I». 1-1.17) 

HEAd(7)(7zi<I), 1-1,68) 

F2  « Fn2SET(5,xX1.YYI,ZZ1.17,6,3.6) 

RE  a6(7Hyy1(1). 1-1.16) 
reao(7MxxhI)»i-i.16) 

RE Ao(7)lZZl(l>. 1-1.196) 

F3  - Fm2sET(3.xXI.YY1,zZ1.16»14.5.6) 
REA0(7)«YYl(I).l-l.l6) 

REAd(7) <XXl( 1 ). I-1.16) 

READ«7MZZ1(1).1-1.196) 

F6  • Fn2SET(6.XXI.YY1,ZZ1,16»16.7.8) 
reaD(7)  ' (yyk n.  1-1,6) 

REaO(7]  (xXK I). 1-1.17) 
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Table  A- 2.  Reduced-Order  Component  Model  (Continued) 


1?2 

O^C'0171 

1?3 

Oo5 10172 

IPA 

O0O3OI73 

L25 

0nc;;0l7* 

126 

Ooo:j0175 

127 

OoO-,'Cl76 

128 

OoCpOl 77 

129 

OpO’jDPO" 

133 

OoC3U=" ' 

131 

OPOiOc 

132 

OoOlO;  3 

133  • 

OOO'jO?  1A 

13a 

030:020^ 

135 

0jri'0?rj6 

136 

30C:C207 

137 

OoOl 321° 

133 

OOC'OPII 

139 

Oo0c0212 

1*C 

Otc:-02i3 

1«1 

03C3021* 

lA2 

0o0o0?l5 

U3 

000;0216 

Iaa 

00030217 

U5 

00C'30?2C 

Ufe 

000:0221 

1*7 

OoCoC?22 

1*8 

000:02?3 

1*9 

Ooo:0?2* 

I53 

0oco0??5 

I5I 

OoOoO??6 

l52 

000:0227 

I53 

00030230 

15a 

Ooo.  0?1)1 

I55 

00000232 

155 

OOC:Oj33 

157 

OoOoOpS* 

158 

000:023^ 

159 

0o0:0236 

I'-D 

OoOOCPT' 

I6l 

Ooc jOPAO 

162 

0tc;02ai 

163 

ooc: 02*P 

16A 

ooc:0ca3 

165 

060"‘0?aA 

166 

OoO':02A5 

167 

Ooc  -OpA* 

163 

OoCoO?*' 

169 

0o0o0?50 

1 T3 

O^C'-OPRl 

171 

0oc“025P 

172 

OoO'0?53 

173 

OoOlOpKA 

17* 

0oCo0255 

175 

O''0j0=56 

176 

OoCjO?57 

177 

OoC:3260 

178 

00C30261 

179 

3:Ci026? 

183 

00-:0263 

181 

OoO.O?6* 

18  = 

0“j C , Or 65 

RE*D(7)  (zZK 


c SET  PAFAlETfRs' 

C 

<A?»0 

^bSP.l 

TTGS.1700, 

REA0(5,»064,)NR*T#tolNGS*SPLC»BVBi  ACL 
kf<lTr  (9^8o*,j,)  FRRBR 

»>«tTF(9»"Q'^0l  NE»H««0PE’*T 

► « If  e ( 9, Boaa ) N9 at,  *,  1 NQS,  SPLCi Bve,  abl 
READ(b,99o?)  P?»Ta 
9903  FaR«AT(aGi?.5) 

k>RlTEI9>99('?|  Pa,T2 

H06a  F3F«aT(6Gi?.5> 

AaaAHF\(NRAT) 

A jB 

ToGS.2iOC. 

faegs«.o? 

T2m5i8.7 

»DEL.*1 

0T«*3ElT».9 

TIfE.O. 

K1  • 3.19i99/3(,0* 
<2«7.»3?M7«53t3sX(Kl«<l ) 
<3.S-jRT(5ib.7) 

<4» ( ^3»35< 12»)/176P0» 

»GALIQ«5l837. 

X <fLT6.3*31 
Ka»L9G  • 2P#30i 
KVfL«6  • Ic.lO 
KGALCD  ■ 873C‘ 

KV"  -CD  • 1 •981 
X6AL9»6A*7 
KveLa  ■ 2.A59 
kmB  • •oOo<>*aS 
<V9LT  . 1a*i5 

kspEfD  • i38»>or’ 

IC’  AT*  18530* 

F3.PP 
P8«P  ■■ 

Tv-  1 T? 

RTMC  • SQRT(TV- /51".7) 

RCl  • ICN/PTmo 
nCIN  . NCt;i85pO* 

i»mCiN«TvO»1) 

AbLB.FoM(l,BV8B/l) 

’OvPR»FUNi i 2,NC1N»?) 

HGvPR.FUNk  3.NC1N/3) 

Tyjl-!)  . T9 

lit.- 

ITEPf- 

ITFRp.c 

iTfRi.-: 

Do  6'  x.l.NSSP 

FAB.FAbGS 

Td.T-iGS 

c.iMx..oi 

P'.'iln)  < PP.IGvPP  • tSPS.P? 


-1 

J 

1 

1 


I 

I 


I 


■« 


? ! 
E I 
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Table  A>2.  Reduced-Order  Component  Model  (Continued) 


183 

O0O0O266 

90  C8^TI^JE 

18* 

0000<>267 

*D  < 1 0 > . J ’J-f  U 6 » T { < . 1 ) , ,.DtL 

189 

000o0270 

18» 

0000<>27l 

<FI3v,<6*Lt5.(P2-Pw(  10>  )/<*C)(  1 

187 

0o0o0272 

►bL»C,  • 

188 

OoOq0273 

189 

OoOo02'^* 

iFrSENSE  S ITC-  3)«073»8;74 

190 

OoOo0275 

80?4  CO-^TtNuE 

191 

OqOo0276 

IFtIlI.^E.<.)  C9-J 

192 

OqOo0277 

8Cr73  CeMlNyE 

193 

OoOqOsoO 

J . 

19* 

oooooaol 

*’«ITe<6<5o)  IGVPH»' 

195 

O0O003O2 

KHlTF(fr«5i( 

196 

OoOq0303 

«.R1Tc(^,52»  j»ovtl".)»Tv(  10)»*D 

197 

O0O0O3O* 

5901  Ce^TiNjC 

198 

0000030S 

00  2-1  l»lj.ia 

199 

00030306 

J • i-io 

Soo 

OoooOao? 

DtLX  . PV( r-i )/l*.7 

2a  1 

00000310 

RThX  • S0RT(TV( I-l)/bl5«71 

2q2 

00030311 

PCX  . lCP/R'f'‘X 

203 

OoOo0312 

uC>(  1 ) « -0{  1 -1 ) - 9U 

20* 

0o0o03l3 

FP>..0(I>,PTuX/(DELX,A(  I) ) 

205 

OoooOai* 

V^Tx.KAC J) »FPX. (KA( J«10)*FPX.< 

206 

OoOo03l5 

<«AD<J)  • <uRaD(J) 

207 

00000316 

PhJX  • VZTv/(<OAC( jl.SCX) 

2o8 

0000031’ 

53  Tp  ( 1 *?»3»* »5* 6» 7» 8 ) / j 

209 

03000320 

1 Ca^TI^JF 

210 

O0O0O32I 

PSIPy  • E j'.g  { 2 , PHI  )(*eVBi  3 ) 

2li 

00030322 

PbIT^«FUN?(C,F'Hlx*BV8>9) 

212 

OOOo0323 

G018  1 , 

213 

ODO0O326 

? C0NTlN»,'F 

21* 

00000325 

PSIP*.FUPi(5.Pp1x'6> 

215 

OoOo032‘» 

PSlT<jFl)Ki(f  »pHIx,5  ! 

216 

O0O0O32I 

G0T9  lo 

217 

O9O0O33O 

3 CopTinjE 

218 

O0O0O33I 

PSlP^«F‘JPlt7,PHlxJlO) 

219 

O0O0O332 

PSIT,.Fl.’Pl(6  /PHIx#12) 

220 

O0O0O333 

GBT8  Ir 

221 

0000033* 

4 CBf  TjNjE 

222 

0o0o0335 

PblP^aFUA'l  (<),PhIx»1  *) 

223 

O0O0O336 

PSlTx^FC'Pil  ( 1 "^'PHlx  / 16) 

22* 

00000337 

G8T9  1-, 

225 

0o0o03*0 

^ Ce»  TjtxoE 

226 

0o0o03*l 

FSIP<»FUPl (11 »PWlx*18) 

227 

OoOo03*2 

PSTT».FI,'Nt(lP.PHlx,20) 

225 

0o0o03*3 

G0T9  1-. 

229 

O0O0O3** 

( CevTlNjE 

230 

OoOo03*5 

PSIPx»FUA1(13»phIx>?2) 

231 

OOC003*6 

PsITx»FLiNi  ( 14<ph1x*24) 

232 

0oOo03*7 

GBT9  1 .. 

233 

00030350 

7 Ce^.TI^JE 

23* 

0o0o0351 

PSIPx«FUP;i  (l'i»PHIX»?6) 

235 

OoOo0352 

PSlTx»FHA!infc»PMIxf26) 

236 

00030353 

GBT9  l'^ 

237 

O0O0O35* 

A COMiNjE 

238 

O0O0O355 

PSIPx-F'J''!  (17»PHiXF30) 

239 

OoO00356 

pSITx»Fl;Pi(  iP/PHIx.32) 

2*0 

O0O0O357 

In  CBaTiNjF 

2*1 

OoOo0360 

<\K( jJ.( IC  .P*D( J1 )»»2/k2 

2*2 

0o0o036l 

Pyd)  . Pv(t-l)4tl.  + PSIPx4»:MR( 

2*3 

0000036? 

Ty'Il  • 7,,(  I-H*<N»(  j)*PSITx 

0 cWC ( 1C ) I 
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Table  A-2.  Reduced-Order  Component  Model  (Continued) 


: 

■■■  I 

t- 

?. 

t 

i-  I 


f.  • 

288 

00000363 

285 

0oO00368 

286 

OQOo0365 

287 

00000366 

l 

289 

OoOo0367 

r 

289 

00000370 

i 

250 

00000371 

251 

OoOo0372 

;■ 

25a 

000j0373 

. 

253 

OoOo0378 

258 

0o00°375 

255 

0o0'j0376 

256 

O0O0O377 

' 

257 

O0O0O8OO 

i- 

i 

258 

OoOoOaoI 

259 

OoOoOaqz 

260 

0o0o0803 

261 

00000*0* 

:• 

262 

OoOq0805 

i_ 

263 

0o0q0806 

\> 

268 

00000*07 

'i 

265 

O0O0O8IO 

k - 

266 

OoOoOaI 1 

267 

0o0o08l2 

268 

000o08l3 

269 

OoOoOAl* 

!*' 

t 

270 

O0O0O8I® 

f 

271 

QOO0O8I6 

272 

QOOo0817 

»■ 

273 

0o0o0*20 

1 

f 

278 

ooooo*ai 

* 

275 

00000882 

276 

0o0o0*2^ 

% 

277 

OoOoO*2* 

278 

00000825 

; 

279 

00000826 

280 

00000827 

\ ! 

281 

OqOo0830 

V i 

282 

OoOoO*3l 

i 

283 

OqOoO*33 

f'  1 

288 

000c0839 

1 1 

285 

OoOoO*3* 

? i 

; j 

286 

OOO0O83S 

i-  \ 

287 

00000936 

i 1 

288 

Oo0oO*37 

i 

289 

OOO0O88O 

290 

O0O0O88I 

291 

OoOo08*2 

? ■ 

292 

000008*3 

i 

293 

O0O0O888 

c 

‘ 

298 

000008*5 

295 

Qo0o0885 

296 

oooqO**^ 

297 

00000*50 

298 

O0O0O8SI 

299 

OoOo08S2 

300 

00000*53 

301 

00000*5* 

3oa 

O0O0O855 

303 

000q0856 

308 

0o0o0*9^ 

i 


T^V( I »«PV( j j/Kv9L( J) 

"V< 1 > "TtaV ( 1 )/Tv( I ) 

PR  « Pv(I)/Pv<I*l> 

WBL»i<BLO<  Jl  »ABL«PV<  I )/SQ«T(Tv(  I ) ) 

IF(JiE0<3)  W3L3<RBL 
IF(J.£0**)  waLA«WBU 
IF(J.Ea*5)  wbI-5»>*3L 
k'BLTHL.w6LTBL+i«aL*Tv(  1 1 
IF(SENSE  SWITCH  3)8075»6376 
807t  CBMlNyE 

iFrlll.^E.l)  qBTB  590a 
807«  CBK'TiRoE 

k-RITE(9*52)  J.pyt  I),Tv(  1 ).W0(  1 ) .»iBL*PSIT)(4  v7'^X*PHlX*PSlPX»PR 
5’02  CBkTINoE 
ao  cbminuE 
J • lO 

PBGV  ■ PV(ig).BQVPR 
T0GV  ■ TVjis, 

WBGw.WDll8) 

k96V  > <e*L9G»(PV(18)-P8QVI/RBGV»«a 

TmBG  • P8gV/kV8L0Q 

W08G  • TWeQ/TOeV 

PRa3iP8GV/P2 

TR?3,T8QV/T2 

EFFa3»(P**23»»»a85-l.  »/tT«a3-l.  ) 
iFtSERSE  Switch  3)«Q77#8o7S 
807*  CBKTjNuE 

iFdll.NE.j)  68TB  5903 
8077  CBNTJNuE' 
hRITE<6j53) 

WRITE! 6< S2 ) '.PaGV.TBQV# WBGy*  R81.T0L* EFFaSi PRa3»Tfl2? 

5903  continue 
■ 11 

PCD  « p8Qv 
TCC*T8oV 

call  Pr8C8H(0»jTC0*CPC0»G«0*GMCDx#HC0»IFA) 

NCD  ■WSGV 
TwCO  • PCO/KvOUCO 
WOCO  • TWCO/TCD 
wTC«.033*W0( lOl 

OLWHf.HCD,wCD*.29,(WBLTeL-<.DUO),TV(10>  I + SPLC 
KNA8.5.0Ao5..0Aa977a»AS*.O0Oia666*.AS,,a 
IFiSeNSE  Switch  3)8170*8171 
8l7j  CONTINUE 

IFdlliNE.i)  goto  5908 

8l7o  continue 

HRITEI6*5*1 

WR1TE(6*SE) j,PC0*TCDfWC0*WTC*DLWHC*KNA8 
5908  CONTINUE 
J«lE 

KMB.FUNl(ao*NRAT»36) 

wb.wcd-wtc 

1F(1TERI*Eq.i)  PT..35.PC0 
DPTx;i. 
azo  continue 

ITCRj.ITErj*! 

DTBX«25* 

WTBLO*( 1'*PAB)*PB 
a?i  NBTTg.tCN/SQRT.TBl 
ITER3»ITER3+i 

OEUPe  • XWB.wB»»a/PCO.< .77l»TCD-t085»TB) 


} 

j 


1 

i 

{ 


f- 
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Table  A>2.  Reduced-Order  Component  Model  (Continued) 
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t 

I 
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0-70  0460 

30fr 
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3-7 

0cc;C462 

3o« 

Ooc:0*63 

S-R 

0^n;0<,64 

si' 

O-'PoOaGS 

311 

OOOj0466 

?2? 

312 

OOC-0467 

313 

000^0470 

809 1 

31* 

OoC;.0471 

315 

Ooc’047? 

316 

OoO:0473 

317 

000:047* 

3;* 

-0475 

837; 

315 

OoC ;C476 

32- 

0''C;047  7 

3?1 

One ;05o0 

322 

Ooo;C5oi 

323 

OoO'.Opc? 

80^1 

32a 

300''05c3 

325 

OoCoO*^?* 

326 

OoCo05o5 

3«7 

UOOoObO* 

223 

32“ 

OoO;0507 

329 

OoCoOBjO 

330 

OoC;0511 

331 

0o0j0512 

224 

332 

O0O0O513 

333 

Ooo-'05l* 

33* 

0o0;0sl5 

335 

0oc;0sl6 

336 

OoCjO^l? 

337 

00030520 

338 

OoC;0^2l 

22J- 

339 

0oC;0k2? 

3*0 

000:0623 

327 

3*1 

000;052* 

343 

0oc;05p5 

22r 

3*3 

OoC:05?6 

22p 

344 

CoO;05?7 

345 

03COD630 

346 

000,0531 

c3' 

347 

O0C;O53? 

?3i 

3*3 

0o0;0533 

3*9 

0o0;053* 

23? 

35; 

000;G535 

351 

00C;0536 

233 

352 

030:0537 

234 

353 

0o0;0640 

35* 

0o0;064l 

355 

0o0;C542 

356 

030;0543 

2*f 

357 

O3O3O5** 

355 

O0O3O545 

369 

0oC;0546 

?*1 

360 

000:0547 

2*2 

361 

070:0550 

2*2 

362 

03Cj055l 

363 

070:055? 

2*5 

364 

030:0653 

25- 

365 

0o0?055* 

pr  • Pco-oeLPH 
P0CLTB  • Pq«(TP|-TCO) 

ET*3  aFOUi  il'*«PBDLTB*3*) 

PTPB  • PT /P3 

CrlTkJTd  • FUN?(4»PTP9,nSTTB*7) 
DHT.OHT*jTii.IC’^/1000.«SaRT(TB) 

CALL  PR«C9m<fAr,TB<CPB»GHB#GMBX/HB» IFA\ 

IF(Se»«SE  S»1TC^  A)8098j8a9l 

C9^'T^^IJF 

■«Tl»-<B»(l8ft53*.ETAB-HCD)/(1865'ii  tETAu  <B  1 

iFt iFA.GT.r ) GPTB  8071 

wTERR»ABS{.vTi»*T8L0) 

tF(nTEHR*GT..0006|  G8T8  223 

CeMlNyE 

F A>3*«F  /niB 
FN«HTX  + I"7c 
GOT8  2?A 

IF  ( •LT^aB  J 'aTjbaB 

IF(i«Ti»G^»(iiIB»1*o*^*23)  ) wTi»ito676?3#«iB 

k^T8L0»»Ti 

G8T8  8q72 

k>TPLD»(WTjAi»T8LD)*.5 
WF.WT8lO-WB 
FAP.mF/WB 
G6T8.  222 

C9fTINu£ 

RT«kT1/*i*^»CHb-CRT)«wTC/WN«HCO 

KBR.(Ou^Hc*AN«HT»HCD«t*TC)/»Tl 

TBf  RR«HB*<-Ha 

IFiTbErP-GT.iOOOb)  G8T9  22s 
IF(TgERP*LT.-*0005)  08T6  228 
3BT9  229 

IF(DTBxt22F»22A*227 
DTBX.-07Bx».i5 
Tb,Tb*d7Bx 
G8T8  221 

IFtDTax»E27*??7«226 

Ce^TI^JF 

PQPT.Po/PT 

IF(P-)PT-.5?8)233»233»230 
IF(P3PT-l.I232.29lfS3l 
>»M<‘4P»0  • 

G8T8  23* 

xNTAnP.  PopT.»( 1»/1 •*)»SjR7( lt-POPT»»( .*/l .*) ) 
G8T8  23A 
«NT<nP..  ,25«g 
C8^Tl^uE 

fc>TTNPB.FUN?(3,PTPB,NRTTB,5) 

*T?». ttnPb.pr/tb»1cn 
PTERR»aT2.,Ti 

IF(PTERR*GT. .0005)  G8T9  2Al 
lF(PTER9»LT...C'e05)  Q8TB  2*5 
G8T8  2bC 

JF(DpTx)2*?»?*2»2*3 
0pTX,-DP7x».5 
PT.PT*0P'*X 
GBT8  220 

IF(DpTxi2*3.?*3»2<*? 

C8f-T 

F*t«  jF/«n 
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I 
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Table  A-2.  Reduced-Order  Component  Model  (Continued) 


366 

367 
366 
369 
37; 
371 
373 
373 
37, 

375 

376 

377 


37« 

379 

3s: 

381 

3*2 

383 

38* 

385 

3«6 

387 

388 

389 

390 

391 

392 
3=^; 
39* 

395 

396 

397 

398 

399 
*00 
9C1 
90? 
*03 
*C9 
*C5 
*06 
*37 
*08 
*09 


*10 

*11 

*18 

*13 

*18 


I 


*15 

*16 

*17 

*18 

*19 

*20 

*21 

*22 

*23 

*2* 

*25 

*26 


0tO"'O655 
0;C;0556 
000;0557 
0*C;0560 
0n0;056l 
OoCr0562 
OoC;0563 
O0C-jO=6* 
00Cj0565 
OoC;C566 
OOOo0567 
O0O-O57O 
0-l0j0571 
OoC  057? 
OoOj0573 
06C-C578 
0ooj0575 
OOO0O576 
OoCo0577 
0o0o0600 
O0O0O6OI 
OoOo063? 
OoO;0603 
OoO;06C* 
OoO;0605 
0'iO;06C6 
OoC;06o7 

COCjlsiO 

0-i0;06ll 

000;06i2 

OOOo0613 

O0O3O6I* 

OOO3O6I5 

O0O0O6I6 

00t/006l7 

00000620 

000o062l 

0003062® 

OoOo0623 

0000°62* 

OoOo0625 

OoO00626 

0003062? 

O0O3O63O 

00030631 

OOD3O632 

0003Qfr33 

0003063* 

00030635 

00000636 

OOO3O63? 

O0O0O68O 

OOO0O68I 

O0Oo0642 

S6*3 
54* 

00030645 

OOO0O646 

0000^647 

00030650 

00030651 


TT,Tr6.J(l,c*T,L.T,Tvi 
IFtSfNSE  S>ItC“  *)»098»8392 
809i  C9!Tt6jt 

(K\a8»oT,«'  TknP*48>/S39T(T7  ) 

IFl 1 1 1 .EQ.i ) 60 

iF(«sEkB*GT.,005i  GOTg  5951 
IF(,^ER«*LT.-.''05»  goto  6955 
Ill-l 
Ga*9  99 

595]  1F(0wK,x)595?j5952.5953 
S95f  Ox  I \x  • -Oi*  I \ y «»5 
5957  , f'«»  1s*D'a  I ' y 
G9T9  9s 

595?  !F(0. 1^x15057, C953, 5955 

6-  C9^TIN^E 

0i_,ht*hB*1«Tj^,hCO*nTC«hT»,M 
WF*'  • 360o*»»E 
hHITe<6>56; 

~RITE(6»5?)  jit>B*T9*  ,B^ETAt)»HB»PTPB»  ^F^TTH,O^^T^^TB.WTT^JP^ 

J • l3 

«RITE(6*57i 

wHlT£(6#53)j|PTiTT,wTiJxF#HT#DL'^HT#W'',A  wNTK'yPx  88 
8C0*50. 733**98 

CfkCD^.CO.SoRT (53»3*TCO/( 1»4*32.2) )/iPCD»8C0) 

FhCO.RnFK(CfsCD) 

CFf'N,Kiv,«S3C(T(63.3*TT/(  i.*,3g«2  ) >/(  pT*Aj) 

Ffl^iRNF”  < CpOSl 
FM4S'«Fm6*F“4i 
AAAbi «,«2,Fm\$ 

AaA*AAa*«3.5 
AAAsi •/AAa 

AAAb ( 1 •4*PmkS*1« )*AAA 
Thrust. (PT» A aa.p2»,aj 
SPFCiWFM/TMRuST 

1«RITe  ( 9«  6791  (EhCDaFON,  xFHj  THRUST,  SPFC 

6791  F9RMAT{lHo,2y,5H  HCD*6l3.5*4H  MN,Q13,5,5H  ,FM',Gi3.5»8H  ThRuST.u13* 
l5»6H  SpFC,Gl3«5) 

PCCP2*PC0/P2 

WRITE(9*6792)PCDP2 

6792  F9RmaT{ iHq,7m  p3/P2>Q13>5) 

KRITE(6*2in8)ITERl,lTER2»lTER3 

2108  FBR«aT(1H3,5^,8MITERI  » I5»by» 8HITER2  ■ )5,5„»BHITER3  • 15) 

5^  F8ROaT(1Hi^*j^,*MN  , #F8.2a4x»6HABL  • * F8. 4. 6MBV8  ■ .F8*4*4x» 
$8HlGvPR  • «FS*4»4y,BH0GVPR  « »F8.4) 

52  F8RmaT(1Ho,I3,9313,5) 

5i  EBRMaTi  l^<0»2XBlMjB*X,5MPv(J)»8Xf5HTV(  J)fBx.5HnD(  J»f7x«6H*BLC  J)»7y» 
iSHPSlTxt J)»6x»7MV2TX(J»#6X»7HPHIx( j)/6X*8HpSlPX( J)f5X<5^PR( Jn 

53  format ( 1H0<3X»IHJ»SX.4HP8GV*10X»4HT8GV» 10XA4HWBQV»8X»6Mh8L'BL»9X,5 
1HEFF23, lOx. 4HPR23, 10Xa4MTR23) 

5*  format (1Ho.3X»1MJa7X»3HPCO»11X<3HTC0.1 IX* 3h9C0i1 IX* 3HHTCb9x»5HDLxH 
IC# l0x*4HRNA8l 

5e  FORMAT(l”Ot3X*tHJ,aX»2HPa»12X»2MTB*12X»2HWB»lOX*4HETABil2X.2HHB» 
li0X*4HpTPB,9x*5HNRTT9*8x.6HDHTNTB/eX.6HwTTNPB) 

57  format (lMo,3x.iMj,8X.2MPT*12X*2HTT*l2x»2HwT»l2X*2HwF*12X*2MMT,9X,S 
1HOLWhT,i2x.2MHN*8x»6MHNTkNP*12x»2MA8) 

ICPV3  , PvdOJ 
ICPOOlwO(iO) 

lCPDl,wO(ii) 

ICWVl.NVlU) 

ICTWV1.TWV(1H 
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Table  A- 2.  Reduced-Order  Component  Model  (Continued) 


5®’ 

000006S| 

icMoaii><0(iai 

00000653 

ICwV2«aV(i?j 

♦as 

0000065* 

lCTNva*TWV( 12» 

♦30 

O0OOO6SS 

ICw03.nO, J3, 

♦31 

OoOo0656 

ICwV3.WV(13j 

♦3a 

O0O3O657 

lCTWv3.TWy,i3, 

♦33 

O0O0O66O 

ICW0*.W0,1A, 

♦ 34 

0o0o066l 

ICWV4«WV(1A, 

♦35 

0003066? 

ICTWv*.TWy, lA, 

♦ 36 

OoOo0663 

icwo5;wO(is, 

♦ 37 

0000066* 

lCwV5«-.V(l5j 

♦38 

0000066S 

lCTwyS.TWv( 15, 

♦ 39 

O0O0O666 

tCW06,w0ji6) 

*♦0 

00000667 

1CnV6>wV(16) 

*♦1 

0o0o0670- 

ICTWv6itWv(16) 

♦♦a 

00030671 

lCWD7«W0(i7) 

♦♦3 

00030672 

1CWV7**V(17J 

♦ a* 

00000673 

lCTWtf7,TWv( 171 

*♦5 

0000067* 

ICWOa.wDfiBj 

♦ ♦6 

00000675 

ICwV8«wVli8| 

*♦7 

00030676 

ICTHv8,’Wv(i8) 

♦ ♦« 

00000677 

ICTWOG  ■ TmBg 

♦ ♦9 

00000700 

tcwacv  • moqv 

*5o 

OoCoOTol 

ICwDaO  ■ wDOG 

♦5i 

ooooo7oa 

ICTWCO  • TwCO 

♦ 5j 

00000703 

ICaCO  • ^'CO 

♦ S3 

0o0o070* 

IChDcO  ■ wOCO 

♦ 5a 

OoOo0705 

ICwB  • WB 

♦55 

OoOo0706 

ICPB  . Pb 

♦ 56 

00OoO7O7 

ICNB  • NB 

♦57 

00000710 

tCRT  .rT/ka/TT 

♦58 

O0O0O71I 

ICRHT  . Ht.icRt 

♦ 59 

oooo°7ia 

DS  298  1*1<8 

♦ 63 

00000713 

Il.Ulc 

♦ 61 

0o0o071* 

KGALl  In»<GA|.«I 

♦6a 

00030715 

a9e 

KV9L<  II)»i<v9L(I 

♦ 63 

OOOSO7I6 

TMIC.Tb 

*6A 

O0O0O7I 7 

TgSS.Ty 

♦65 

00030720 

TN.T0 

♦66 

000307a! 

3333 

CBNTINuE 

,♦67 

0o0o07t;a 

NXUE.Nx*^"J*NE 

♦68 

00030/23 

NXl.NX.l 

*69 

0003072* 

NXR*NX+nR 

*73 

00008725 

S I QN.  1 1 

♦71 

03d307a6 

aRITE(9^«C61 1 

*73 

00030737 

white !9*80bO)(x 

♦73 

00030730 

806c 

format [Cao»gi 

♦7* 

00030731 

8061 

FORMAT] iHj, 

♦75 

0003073a 

WT.WTl 

♦76 

03030733 

CALL  D7NA«(*,Py 

♦ 77 

0003073* 

1 ) 

♦78 

03030735 

h8l  •.BI-3 

♦79 

00030736 

WBL-  •.BLa 

♦ec 

03030737 

W3L53.«BL5 

♦ 81 

O0O0O7aO 

ATS.  ^T 

♦82 

000007*1 

aTcS.aTC 

♦ 83 

Oooo07Aa 

*HlTt(9j83fci ) 

♦ 8a 

030307*3 

wRITE(9/9033) 

♦85 

000307a* 

9003 

FORMAT]////, SX, 

♦86 

OoOj07A5 

*.RITe(9/93ti) 

*87 

000307*6 

9C0i 

F ORMaT ] 8X,  • WN,  1 

■ I.NX) 


state  data  FRBn  Subroutine  OYNAr-ic./z/'t 
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Table  A-2.  Reduced-Order  Component  Model  (Continued) 


09C:0747 

WRlT?(9f9cJC,  N#rF*R8»8V3»AHL 

000^0750 

r«ITEO,9o'*?i 

9 90 

OgODw  'Si 

900? 

F8R;'lAT(//',6K,4Mi4BU3,ll)<j4H4BL4,llXi4Mj,iiL5) 

R9l 

Ooo:0:'bS 

i«RlTEi9<90101  “61-3,mbL‘‘j.4BL5 

4 9p 

OnO'0753 

4HITE{  9,93!43) 

O-lO  '.075“ 

9003 

F9RMAT  ( //,  7y,  3^wCD*  1?X»3-4TCD»  1?K#  3HPCO>  1 ?X  r 3hHCD  1 

494 

O-IO  'O795 

vRITc<9»9oiO)  fCOiTCD/PCCipKCO 

49^:, 

09C90756 

“96 

Onr-0757 

900* 

f eRM4T(//,?xia“'4Bil3x*2HTB*l3x«2HPtj<l3X*?HHS/l3X»3HX*(B»llX»AHETAB) 

“ 97 

0'''0.C760 

4RITp;(  9<9ji  9)  A3*TB  'PBib'u*i'.»(&»ETAB 

49  » 

C';C.'376l 

»RtTE(9<99-^, 

4og 

O'- --076? 

900*= 

F8R“'*T(  /7,7Xi2H«T#i3x#?HTT»  13X/2HPT*  13X»SHHT  ) 

S'*", 

09090763 

«RITe10<9o;0)  ,T.TT*PT*ht 

090'076“ 

nRlTEOiSo-Oei 

0j0.'0763 

0 

0 

FORM*!  (//,7„,?uwN,i?x*  4H<NA8*l?Xj3H9:CT/nx»“HTM3T»l2X#2HTM) 

5. -3 

00C^076<> 

“RITtl  9<  5101,01  4NI»<NA8/.4Dt*  TMDT*TM 

6"  4 

09C;.0-»67 

901“ 

FeRM*1 (2X,fi?.5^7(?x*El9.5) ) 

5"'6 

0'.'C:‘'.'770 

wRITfO'Soak 

5-6 

OOI j0771 

WRITE! 9<  806O) (DX( I )» 1»1<  7X) 

*‘.'7 

O3O-;077a 

•R1TF(9*Rd61) 

b ■ > 

09C,-*'773 

"RITEI 9*83^01  (DX( i)» I»^xl»NXR) 

?.'9 

0-!C.,0/7“ 

Oa  803l  I.t#  .XR 

‘n: 

O-'O  'C775 

?.93  j 

OxM  I ) .0X(  I ) 

'511 

0 7C'j07  76 

C ONp 

3l? 

030^0777 

0 Twf, 

513 

O'lO-'l  -'90 

08  8 ',4.:  J,1,'X'.'E 

3'.  4 

0 ;0-''  ,-l 

*r3? 

SIONi-1 ••SlOb 

315 

L'-jO'-,  loo? 

lF(X(J).NE*.0»  38T(4  3793 

31“ 

0 ;ool 9 j 

If(SIC*\'-Ct..o)  GaFg  8032 

:'17 

O-jOll.,-!*' 

PtRfiOpt'RT 

SIR 

Ooc.t  '93 

GeTg  370“ 

Su 

O9C1I  ■V* 

CbN  F 1 soE 

3?: 

0jC.i1  90^ 

FtRT.SIG^tx( jI.OPEpT 

‘'?1 

09C  ,1.-.  lO 

370* 

c9K,FiNvje: 

59? 

09091  111 

F(  J)*X(  jUpErF 

f?3 

O9Q3I-;? 

CALC  Dyv*'"!  *|Pv»FV,<aAL/KV0L>>\R,HAO,<RAO/KA,  TWV f RD»  RV< KBMj< DPRa. 2 

S?4 

0'3i99l-,l3 

1 ! 

3?i 

0',c  )i  - n 

>■  o'.  .3i<4l'L  8s 

- ?“ 

0:1  i3 

"Ui  4**7L“G 

5-' 7 

'14 

' 0;  9.  h.slSs 

bpn 

O9C'  1 ■ 1 7 

.■  T.*tS 

Oir.i'RC 

■'•Tf  . «F.“,5 

39  ’ 

0 '0-,l  '71 

*(  j)iX(j)-nF(jF 

9 1 ' 

0 1C  1 ■ ?7 

If  (X(.i)»*40..7>  j9T->  I7;b 

o^:  1 ?7 

If(Sto  .»8“93,' ■■  9.,  035 

j'l  1 

0 19  1 ■ ?“ 

(i'39 

C9' T lN„r 

‘J94 

0-9  :1  P"' 

lF(bI0--.l.7,.  - . 49r;,*5S(«(j)-l*0)»uT.AijS(PFHT)  , q8  T8  3701 

■•j-.'  .1  -.6 

?8  8 '34  111  j 4XR 

394 

■0  T-l  '77 

bx;  ( ! ! ( ' ) 

397 

■9  '0 ' 1 t.: 

TH4ff 

■:'■■  -■ 

U ' •!  9I 

r 

4 

5 1 1 

0 'i:  ) .3? 

9934 

l.<  ( I 1 •!;>'■(  ! 1 

"j-* '' 

■:  ■'  ;1  3 ' 

'lU  T)  i '-9? 

'“I 

9 !L  ■ 1 94 

:,7Qi 

C'.''  F iw  F , 

T)  r ' 1 

91  '4t  • 1 » 1 1 0 I 

5'.  . 

■j  1 

97  07  1 . 1 . ■ »9 

•1 4 ■> 

0">  1 -9  ' 

' » 1 ( n iO> ( 1 1 

4 : 

0 1 ■ .1  “C 

I’J-- 

X ( t 1 • 'X'  t ' ) 

5 f, 

9' : i '4i 

1 i.i  7.  , ,,Pr-  ' 

b ■.  7 

0 ■ 1 

i t'- 

fl  J,  . 

9 ■-  '( • 

l7  ■ . 

r T I 4 .r 

s 
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Table  A-2.  ReducechOrder  Component  Model  (Continued) 

5n9 

0o0ol04'* 

D9  3?C2  IiliNXR 

563 

OO00l0%5 

3702  Dxl<!).OXN(1) 

561 

OoooIqr* 

PeRTi.s*PERT 

552 

OoOo1067 

C PJVE 

563 

00001Q50 

C Sly 

55i» 

OoOolOSl 

G9T6  8o35 

565 

OOOoloSS 

8035  CBNTlNyE 

656 

0000l053 

307*  peRMAT(lHi/7x,gH  C9LUiiN  13/) 

557 

OoOOlOST 

09  8q36  I«1<NXR 

558 

ooooioss 

CLKI  ni(Dx< ! )*0X1( !!  )/(2.»ABS(peRTn 

559 

OOOqIoS* 

307(,  f6RM*T(13,*E20.10) 

560 

OoOolOS"’ 

8036  Dx(I)*OX'^(t) 

561 

0000106U 

wRiteo)  (cumi )>i»i*nx> 

562 

090QIO61 

wRITEO)  (CLf^niiUNxiiNxR) 

563 

OoOolo62 

8O60  continue 

566 

0o0olo63 

QOTB  Bo95 

565 

OoOQlOi* 

809g  CONTINUE 

566 

0000lO65 

pause 

567 

ooooio** 

goto  8o99 

568 

0o0olo67 

END 

1 

OoOoOOOO 

Function  inTorli tC#oxD7) 

? 

OoOoOool 

COpmoN/TOxta/TIME/OTh 

3 

OOOOOOOZ 

dimension  0NK60) 

6 

0o0o0oo3 

real  Ic«IntqrL 

5 

OoOoOOO* 

iNTQRLdC 

6 

00000006 

RETURN 

7 

0o0o0o06 

ENC 

1 OcOcO^OO 

2 OoCjOoOl 

3 OnCjOcO? 
<t  0o0o0003 

5 OoOdOio** 

6 Ooo-joaos 

7 OoOjOoc-fi 

8 0o0;0jo7 

9 OooyOajO 
1C  OtOjOtU 

11  Onc-jOol? 


-■U\C7l4\  IDX(  I,  J.’  /NX/'aY) 
DlMcNStS^i  '"X(5!  f MY(5) 
K$yM,0 

IF(N.F.i.1)  gpT^  I 
ns  2 L.I/N'I 

P ‘>SUH.KSU^*mx(1.)»NY(L) 

) C8NT|Njr 

• rOx^xSo^-tUc  J.1  j.Nxi-J) 
PE7U»M 
END 


1 oto:'Oooo 
i Oco:0?oi 
3 OoOoOcO? 
I*  OncjOc-cis 
^ O-iCoCoCt 

6 0')0;0'in5 

7 0oC:,03O8 

S 0''OjCi'57 
9 O'iO'iOolO 
I'j  1 


PU^CTtfl“  *xF"(nR*T) 
P£*L  NWAT 

IF(N.^*T.G'»,.h5i  Q8T9  1 

*8FN.l6?«Ct 

RETURN 

*»70tSl/M‘^*'’l«5 

88FN«*+n*NR*T 

PETUWN 

END 
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1 

S 

3 

D 

5 

6 

7 

8 
9 

10 

11 

13 

13 

U 

15 

16 

17 

18 
19 


Table  A- 2.  Reduced-C^der  Component  Model  (Continued) 


OoOoOooO 

OoOoOoOl 

OoOoOoC? 

0o0o0oo3 

OoOoOOO* 

0o0o0o05 

OoOoOOO* 

0o0o0oo7 

OoOoOOlO 

OoOoOOll 

OoOoOol? 

0o0o00l3 

OoOoOOl* 

OoOoOol® 

OqOqOOIS 

OoOqOoI^ 

OqOoOqSO 

OoOoOoSl 

OoOqOosS 


fU^CTIe^i  fNtSET(N*iX<NP»Nl«N?) 

, c:ef<H9N  XX(17,5),vY(17,5),nX(5)  ,NV(S1  .ZiZ(593)»VDEU101*  U(  10)»JJ(  1 
10)jSlP1  ( loi  *SLP2(10)i7.PTl  ( 10)»ZPT2(l6) 

CSMMflN  Xl(?lf2l)#21(2l*2l )iKK(40>#MX(23)/XDlFt*Ol^SUP(60) JZPT(*l  ) 

Dimension  zxdi 

MX  IN)  . Np 

08  lo  J«1»NP 

K«2«J 

X1(J,N)  • ZX«K-1) 
lo  /ItJjN)  • ZX(K) 

PNISET  • 1.0 
Do  3o  nP*N1.n2 
KK(NR)  • 2 

XOlF(NR)  ■ X1«2*N)-XUI>N) 

2PT(nRi  • ZKl.N) 

SLP(nR|  •(Z1(2*N)»ZU1>N) )/xD1F(NR) 

3q  CONTjNuE 

RETURN 

End 


l'  OoOoOoOO 

2 OoO'jOOOl 

3 0o0:0002 

4 0o0o0003 

5 OoOoOfJ** 

6 OoO?OoC8 

7 OoCoOCiC* 

8 OoOoOCiO^ 

9 OoOjOOlO 

13  00030'jll 

11  O'jOoOolP 

12  00C:00l3 

13  OnooOrl^ 

14  OoOiOnlS 

15  OoflDOolfc 

16  OtCoDjiT 

17  0o0c0?20 

18  O0C3OOPI 

19  0000002P 

23  030c0023 

21  O0O3O324 

22  00030325 

23  0oC3032<' 

24  03030327 

25  O3O3O33O 

?6  03030331 

27  03030032 

28  03030333 

29  03C:.0rj34 

3:.  0-)0„0j36 

31  0',>0j0;j36 

32  0^.030337 


FU^CTIe^  FN2SET(Njx»Y»Z/NXP<NYP,N1/N2) 

C9NM9N  XX(17,5)/YY( 17»5)*NXtS) «NY(5).ZZZ(593)< yDELI 10)» 1 1 ( lO>. Jj( 1 
10)  »SLP1  Il0)<sl-P2IIO»»ZPT1(10><ZPT2(10) 

CBMMhN  xl  ( 21»2l)  »ZK21  «2l  ) »K<(  40)  »MX(  23)  <X01F  ( 40 ) »SLP(  **0 ) /ZPl  (40) 
dimEnsi?'^  x(  i)»T(i)/zn) 

Ir  Nx(N)  • NxP 
NY(N)  • Nyo 
D0  15  j»l»NYP 
YY(JjN)  • V(j) 

na  15  i*i#'''xP 

< • I4(J*1)»nXP 

LL.inXt  I*J.*.*Nx*NY) 

1«  ZZZ  (LL)  {»: ) 

Ca  2"  I*l/'-:XB 
2i  XX(l/N)  • X(l) 

Fn2SET  • 1.3 
De  3o  nR*N1/n2 
II(N'N)  • 2 

JJ(NB)  • 2 

XOtL  « XX(?,..)-XX(l»N) 

Y0EL(NR1  t Vy(?#N)-YY(1»,i) 

LL•I'3X(1*^.^.SX»NY^ 

ZPT1(NH)*ZZZ(LL) 

',U»10X(1'2.n»NX.nY) 

^PT2(nw)»zZZ(LU) 

LL*  I13X  ( ?<  1 » N»NX*nY) 

SlPI  |NR)*(;Z2(LU-Z«»T1!np)  1/XDEL 
LLil3X(P'2».,iNX»NY) 

SL.P2  INP)  • (^ZZ  (LL)»ZPT2INB)  )/X0EL 
3<  Ca^  T InuE 
return 
End 
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Table  A-2.  Reduced-Order  Component  Model  (Continued) 


i OqOcOooO 
S O'lO'jOool 

3 OoOcO^O? 

4 OoOcOooS 

5 OiOoDoo** 

6 OoOcOqOS 

7 OOOOOOO* 
B OoCoOoo7 
9 QoOoOOlO 

la  OoooOoU 

11  OoOoQol? 

12  00000013 

13  OoOoOcl'* 
U OoCoOoiS 

15  OoOoOolt 

16  oooaOol? 

17  oo0aoo?o 

18  0o0o0o2l 

19  00030022 

?0  OoOoQo?3 


PU^CTlhM  9*JF'iCC) 

XK.C 

1F(C.LT**^B)  G«T5  1 

Rnfm*1 . 

RETURN 
1 XKS>XK«XK 
X»{1.*.2»X<S» 

ASiA.A 

AC«*S«A 

UP.C.AC-Xk 

0N>1.2«C»x<>a3p1> 

X«P1.Xk-(UP/ON| 

rat.aBs(X«pi/x<) 

RAT.ASSCRaT-I . ) 
If(RaT.GT.,oo1)  GBT8  U 
RNFM.XkPI 
RETURN 
lo  XK.XkPI 
G8Ta  1 
END 


1 

OOO'jOOOO 

Function  TPNM(Nx»FAXiHx»TV) 

2 

OoCsOqoI 

DIpEnSION  tv(20) 

3 

0000^002 

DTx»50. 

4 

0o0o0003 

Tx.Ti/(NX1 

5 

O0000008 

5l 

CALL  PHOC9M(rAx#Tx,CPX*QMX<GMXx/HXl* IFA) 

6 

oooaooos 

IF(IFA.aT.i)  goto  70 

7 

0o0o0o0<> 

TxERR»mX*Mx1 

B 

0003000^ 

lF(TxERR»GT,,onl ) GOTO  52 

9 

OoooOaio 

!FtTxERR*LT..*C01 ) O0Te  5t 

10 

0303001 1 

OOTO  60 

11 

03030312 

5? 

!F(DTXt53,*i3»54 

12 

03030313 

53 

DTx»-c  rx^.'i 

13 

03C:Cii* 

5.. 

fX»Tx*0’’X 

14 

03030015 

GaTe  5i 

15 

03030316 

5t. 

iF  (DTX)1:8,i5h,53 

16 

0303001^ 

6- 

ConT  jNuE 

17 

03030o?0 

7, 

COF  TjNjE 

18 

03030321 

TFkM.T  X 

13 

03C3COP2 

T V ( NX ) • TX 

?0 

030303P3 

RE'URN 

21 

03030334 

Eno 
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.Table  A-2.  Reduced-Order  Component  Model  (Continued) 


1 

OOC 

O’j,'  ^roTlH  !’c9t:'"‘(f*«x.T£,x»CP»ar  -Gbx.H.  ifai 

? 

0'"0 ' 0;'nl 

IFA*  , 

■ 3 

O'^''.;  030^ 

IF{F aPx.OTo.)  ? 

4 

O'.'CvC  jC3 

F aF  x.O. 

b 

O', c, 0-04 

IF  A*1 

*, 

03L'..'0' 3fj 

f.0fe  3 

7 

03C'"C;f't 

IF  (F»K,  .Lt.  .^67b^;^)  iPT6  3 

O'-C  0'07 

f AFx. 

J 

0',0-o^ir 

I F . 1 

’ -1 

O'-'C'  C--  il 

IF  < TFX-l=iO  1.  1 3n.l",s 

n 

0''f : '-r.l  ? 

IF  I TFx.U7.,.r''0.  ) 3'‘T0  7 

1? 

Oic  ,C.'’  3 

TE> 

I3 

IF  1 IF A.FQ.  1 ) G"7n  f^n 

u 

0''r„07i*, 

IFA.A 

1== 

ooct'O:  lb 

&ai0  1,. 

; t 

o-'crO'M  7 

•i 

IFA.I 

17 

O^L.  ■.0j?0 

raTB  1, 

1- 

0',c-  C-sl 

7 

!F(Tfx-?3o:.)  9.u,« 

1 7 

0-,r  - I,' ,'?? 

r 

lF(TFx-?30r.)  U*lA»ls 

3- 

03C  a 73 

c. 

IF ( tfx-boo-,. ) ir»l?*iB 

?I 

0-r';,0-?4  . 

1 

CFA  , .?ft4«*?.xE-5» ( TEx-1500< ) 

'^7 

O'lr  ■.a;.?=< 

HA  • ( ).TEX42.373i 

?3 

o-'C  ,0  r'' 

oH  ^r 

?<. 

0?C  •i0'.r'7 

!;•- 

CHA  • . ?77.^b*i, (Ttx-BOCO- ) 

0',c  o.'ro 

HA  < ( . ??K  1 9a  1 •'5»  TEx  ) bTEx*?  . 3?Tj 

?fc 

Ore, -a  '3i 

ba  T>  ,e 

?7 

oor./j  :-\s 

1/, 

CPA  . ,;.77i«*l.apE-5|(TEx-?0b0. 1 

?“ 

Ore 

►■A  • ( * 539»7*'3 • 36E“fs» TCx  1 • TEx • (7 • 4C4 

Or'-,'  0^3* 

CiO  T't  ^0 

.70 

O'erc^^s 

Ir 

CPA  . •17E-9»<TEX*J5C|0«  ) 

31 

O'.e'Or.ib 

HA  • ( »?59F745 . 3ftE”ft» TCX I • TEx • (7 • 4C4 

3? 

0r,e-'0.;7  7 

CB  T‘« 

33 

OoCi;/0040 

S: 

IF<Tfx.GT,300*)  GBTB  2l 

?<• 

0-10:  Or4 1 

TEx»30';* 

33 

Ore ■ 0047  ■ 

ICI  IFA.FO.I  ) ri**T9  ri 

7A 

OoC'-O'jfcl 

iFAAp 

37 

orC'vCri.4 

CiBT8  P4 

J3 

O'frOOkS 

5l 

IFA.  , 

39 

0r0',;C’>6 

GB78  24 

itO 

Oro;'Oji.7 

<J1 

IF(7fx-903.)  E’aSBaBj 

<•1 

oeciO'jbO 

2? 

U ( 7FX-l?rr. 1 98*30»30 

2? 

If  ( Tfx»70'i.  ) 2aa?^>?6 

“3 

OrT'Orb? 

24 

CPA  . .?392+l .lE-5»( TEx-aOO. ) 

1.4 

o^orOrSTi 

HA  • ( .??Ap3*l . 1 j6F-5»TEx 1 »TE X .5214 

i.7 

0 ;0  r0-''34 

ba  7»I 

i>b 

O'lC.iOj''^ 

B*- 

CPA  4 t?4 1 4*3 ‘aF-S. ( TEX* 700* ) 

it? 

0r0'.0;3b 

HA  • ( . 23 Ap3+ 1 . 126E*5»7E X ) »7Ex ♦ 3 • 52 1 4 

«H 

0oc.r0  ;S7 

tiU  T*i  4O 

oro^orbo 

B‘ 

CpA  . .?4Sh*3.iF-5,( TEx-900« ) 

S' 

o-.rrO.-bi 

HA  I ( .pBA'jTt^  • 1 PBE"  5»  TEx  1 • TEx.  3 «52T4 

Ore-,  o-'b? 

r,a  Tr  4P 

3s 

oeu  ,0^63 

3" 

CPA  . .?4S«*3»1E-5»( TEx*900* ) 

3 3 

OOC„  0',b'* 

HA  • (.f2ST9»7.2'?2F-5.TEx|»TEx  + 2.3731 

34 

0')e;.,0'  b‘7 

4f 

CPF  • .H33T(?).AyE-5*3.27E-»»(35C0»-TEX)  1»{3P00 

■^3 

OrO'Orb* 

HF  • ( .5DA0046, 1 ftoF -j.tEx ) • TEx »l 32 •? J 

3fc 

"re  .Orb  7 

CP  • (CP*+faox.CPF)/( I.+FARx) 

37 

0'i0r0r7Q 

H » (HA.FAPX*HF)/(1.+FAWx) 

•-s 

Or0;,0j7i 

A"lf  . 2<*-‘?7**‘*A6l8b»FARX 

39 

0''C',0-.’7? 

I’tX  • 1»9a»37/4X4 

f.; 

OrrrO  ,73 

r.ii  ■ CfV<CP-RExl 

bl 

0oOoOo7'* 

bnx  • (Of’-i-iyGH 

42 

OoOcOO^® 

RETURN 

^3 

OoOrOo76 

END 

Table  A- 2.  Reduced-Order  Component  Model  (Continued) 


1 

OOOOOOOO 

2 

OoOoOool 

3 

OoOoOooS 

4 

0o0o0oo3 

5 

ooooOoo* 

c 

6 

OOOOOOOS 

7 

0000000*> 

S 

OOOoOOO? 

9 

OoOqOoIO 

105 

10 

OOOoOoil 

Hr 

11 

0o0o00l2 

12 

000o00l3 

c 

13 

OOOqOOI'* 

14 

OOOoOOlS 

125 

15 

OoOoOol* 

16 

OQOoOOl 7 

17 

0o0o0o20 

13r 

18 

0o0o0o2l 

19 

0o0o0022 

c 

20 

OO0oO023 

Ho 

2l 

0o0o0o24 

1*5 

22 

ooooOoas 

23 

0o0o002* 

24 

OoOoOo27 

25 

00000030 

15- 

26 

OqOoOo31 

27 

00000038 

I8r 

28 

OOCoOo33 

29 

OoOoOo3‘* 

I9c; 

30 

00000035 

20c 

31 

OoOoOOS* 

32 

0000003'' 

33 

OoOoOQ40 

25: 

3* 

0o0o004l 

35 

OlOgOQ42 

36 

00000043 

37 

OOOoOO*** 

30  r 

38 

OoOoOu45 

39 

000o0046 

40 

OOOo0047 

tl 

OOC00050 

fukctIbn  ruMi (NixlNf sR) 

CBMM8N  XX(i7j5|.Vy(l7,S)«NX(5»iNy(5H2Z2<593»#V0ELll0)<IHl0»/jJ(l 
10)  jS^PKlOj^SL^anoJ  jZPT1(10)jZPT2(  10) 

CBI'MSN  Xl(21  .21 1 #Zl(21.21)iKX(40).MX(23).X0lf <*0).StP<*0)/ZPT(<»0) 

IBlD  ■ X'<(Nw) 

^XF  • nx('j) 

lF(XIN.xl(Iflt,D»'<))  105*105.120 
IrrXIN.xl( IBtO’l.N))  140*140*110 
: • IBlO 
Gfl  To  250 
CBuNT  uP 

IF(XI^-Xl(^xP*^l)  ) 125*180*300 

NF  • IBLD  ♦ 1 

08  110  I • N)F*MXP 

1F(X1N-Xl( I.N) I 200*200*130 

CBNTiNuE 

GB  T8  ?00 

CBuNT 

lF(XtN-Xl(l  I 300*  190*145 
Nu  • IBLO  . 3 
DB  150  K . l.Nt 
I ■ I Old  • < 

lF(XlN*Xl  ( t‘l*sj)  ) 150*150*  200 
C8^TI^JU£ 

08  Tg  200 
I . ^XP 
08  Tg  200 
I • 2 

XOIF(NR)  ■ Xl< I*N)-XI(I-1*n) 

ZPT(-jR)  • M(1*1*M 

SlP(nHi  • ( Z1  ( Un)-ZPT(nR)  )/xO!F(isiR) 

Xl(,c  • xIn.XI  ( I-1*N> 

FUnI  ■ 2PT(\p)*XInC»SLP(nPI 

<X(M1)  ■ I 
return 
CBnT ’ NuE 

IF(XIn.UT.xkI.n)  )FUn1*Z1  ( 1*N) 
lF(XlN.Gf.Kl  (NXP*N)  )FUn1-ZI  (NXP.i,) 

return 

EnC 
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Table  A>2.  Reduced-Order  Component  Model  (Continued) 


1 oooooooo  ruNCH*^N 

2 Oooooool  C8HM9K  XX(t7i5)>YVcl7«S)«NX(5)*NV(5)«2Z2(593>fYDELll0)«I](l0)<jJ(] 

3 0000030=  10)jSi.Pl(lci).SLPa(10)j2PTl(10l»2PT2(10) 

00000003  C9MMON  Xl(21,2l)#Zl(21*21)jKKt*OJ*HX(23)jXDlF(*0)»Sl.P(*O|.2PT(it0) 

5 OoooOoo'  c Test  fbp  % in  pbevisus  interval 

6 OOOOOOOS  ' XP  ■ NX(Ni 

7 OOOqOOO*  I8L0  « H(NR| 

8 OoOoOoO^  IFJXIN  » xxdOLOiNn  10S*105<120 

9 oooooolO  10b  iF(xiN  - xxdPiO'i/Nn  i*o*iao»iio 

10  ooooooil  11c  I • IOlO 

11  OoOoOoiS  G8  T8  200 

12  000o00l3  C C8UNT  UP 

13  OoOoOOl*  12o  IF(X1N  . XX(NXP»N)1  125«180«180 

1*  OOOqOoiS  12b  NF  « leLD  ♦ 1 

15  OoOoOOl*  08  130  I • NFjNXP 

16  ooooool’  ikx;n  . xxd/N»  1200*200*130 

17  ooooooao  130  C8NTINJE 

18  OoOoOcal  G8  To  2OO 

19  00000022  C C8uNt  DSVn 

20  000000?3  1*0  IF(XIN.XX(1,».1  , 190,190,1*5 

21  0000002*  1*S  Nl  « I6L0 

22  O000O02S  08  150k  ■ 1,NL 

23  OOOQOoaA  1 • IBlO  . K 

2*  OoOoOoa^  lF(XIN.xXd.i,N)  1150,150,200 

25  OOO0O03O  iSo  CBnTiNuE 

26  OOOOO03I  GOTO  2oO 

27  00000032  IS©  laNXP 

28  00000033  X INrxX 1 NXp, N I 

29  OOOOO03*  GB  TO  200 

30  OOOqOOSS  130  I • 2 

31  OOO0O036  XlN«xX(l*Nl 

32  OOOOOOS^  C test  F8R  Y IN  PREvIBuS  INTERVAL 

33  OOOQOOAO  2O0  NYP  ■ NY<N) 

3*  OOOoOOAi  JOlO  • JJ|NR| 

35  OOOoOOA*  IFIYIN  • YY<j5lD<N»)  208*  205»  220 

36  000000*3  206  IF(*IN  • YY( j8lO*1,N) ) 2»0»2*0,210 

37  OoOoOO**  3l0  U ■ jOtO 

3*  OoOoOOiS  - lFd*l8L0|  300,400*300 

39  CoOoOO**  C C8UNY  UP 

40  OoOqOoaT  £20  IfjyiN  • yV(NYP,N))  225,  2b0*2b0 

*i  OoeoOOSO  225  NF  » J8U0  * i 

42  OoOoCoSl  08  230  J « NP*NYP 

43  OOOOOOS*  IF<YIN  • yY<j*N)l  300*300*230 

44  O0OOO093  235  CONTINUE 

45  OOOqOOS*  GO  Tj  300  . 

46  oooqOobS  c count  dovn 

47  OOO0OO86  24q  IF»YIN  • VY(l,N)129.  290*245 

4B  0000°05T  24s  Nt  • U8U0  • 2 

49  OoOqOobO  05  250  K * i*Ni 

jo  0000006>  U ■ jBlO  • K 

OOOOOO6*  IFIYJN  •YY(j,1*N1»  2j0*250*300 

52  OOOcOOi^  356  CSNTlNuC 

53  OOOoOOB^  Q5  Tb  300 

54  ODOqOobS  350  U • NY^ 

55  0000006*  YiN«YY(NYp*Ni 

56  OOOoOObT  G8  T8  3OO 

ST  OOO0OO7O  3*0  J f 2 

SB  OoOflOOT*  VlN»vY(l*N) 

59  OoOoOOTt  C CSHPuTC  Z(TI  InTCRCCPTS  ANO  5u5»E8 

60  COO0O0T3  jOo  XOCl.  t KK(i,N)«XX(I«l*N) 
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Table  A>2.  Reduced-Order  Component  Model  (Continued) 


61  ooDoOot; 
6j  O0O0O075 
63  00000076 

6«  OOO0O077 

65  OoOoOiOO 

66  OoOqOiOI 

67  000q0102 

68  OoOoOjOS 

69  00000^04 

70  DOOdOjOS 
7^  OoOoOiO* 
^2  OoOnOlO^ 

73  OOOqOiiO 

74  OoOoOlll 

75  OOOoOll* 

76  OOOOOII^ 

77  OOOoOll* 

78  OOOOOII* 

79  ooooon^' 


VOEL(NR)  , V»1J»N).VYJ J-i#N) 
UL.IOX(  1-7*  J»1»N.N)(*NV| 
ZPTl(NRJ*i22lLL> 

CLitOX( !>l<J«N«NXiMY) 
ZPT2(Nrj*2ZZ(Ll) 
LL»IDXi1>j»1#N|NX*NY1 
SLPl(NR>-(iZ2(LU«2PTl(NR)  1/XDEL 
LL«IOX(  I«j4N*Nx*NY) 
SLPg«NR)»(i22(LL)-ZPTs(N«) )/xDEL 

intcrpolatc  f>p  answer 

4O0  !!(NR)  . t 

JJ(NR)  ■ j 

XINC  ■ X1N-XXM«1<N) 

••iZZ  • ZRTj  (nR)6X1NC«SLPi(WR) 
P2Z2  • ZPTp(NR»^XlNC»StPe(NR) 
YFRAC  • «YIN-YV( J-i»N) )/Y0EL(NR) 
FUN2  • PlZZ  ♦ tFRAC*«P2ZZ-PlZZ) 
return 
END 
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Table  A-2.  Reduced-Order  Component  Model  (Continued) 


t 

T)Q-C  .'D 

3u:  ''y‘.4'-'(A,pv,Tv  , <3AL<  ■^v8Lj<  .P/^Atl.^i^ADAKAiT^y/kC/..  V.ifjl.1  t 

3 

Odd  'C  vDi 

iDP^-di  I .H) 

3 

OdC^O 

DI-'E^SIP^  A ( ?D)  »Pv(  . T,  (^0  ) »^GAL(  2.  ) < <w9l<  2D  ) *kNK(  8)*RaD(  a ) 

I* 
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Table  A>2.  Reduced-Order  Component  Model  (Continued) 


a ssassii 

*3  0000007« 
*4  00000077 
ftS  OoOoOlOO 
*«  OQOoOlOl 
A7  OoOoOiOS 
M 0oog0io3 
ftf  00000l04 

70  OoooOioS 
7t  OoOoOlO* 
7t  000o0t07 

73  OOOOOIIO 

74  OoOoOlll 

75  OoOoOilZ 
7*  ocooona 
77  OoOoOll4 

71  OoOoOuB 
7f  OoOqOU* 

to  OoOoOlV7 

tl  OOOOOIZO 

tt  OoQgOtZl 
tl  OoOoOllZ 
t4  00000123 
tt  OoOoOlZ^ 
ft  OoOoOiZS 
t7  0o0o0l26 
tt  00000127 
39  OOOOOllO 
9Q  OoOoOlll 
91  000001)2 

9t  0o0o0l)3 
9)  OQ0QO134 
94  OoOoOl)9 
99  Oo0qO136 
9t  OOO0OI37 
97  0ooo0j«0 
ft  OoooOi*! 
99  0o0qO1*2 

100  00000l*3 

101  O0O0O14; 
lol  000001*9 
toi  oooooi*5 

to*  000q0147 

lot  OoooOlSO 
104  OOOOOlSl 
l07  ' OoOoOltt 
lot  00000193 
lot  OOOqOiS* 
Uo  Oooooist 
111  00000194 

lit  O000OlS7 
111  00000140 

114  OOOOOltt 

111  00000142 

lit  00000163 
117  OOOoOlt* 
lit  OoOOOltt 
119  O0OOOI66 
lit  00000147 
111  00000170 


RTHl  • S0«T{TVl/5lS.7) 

NC2  ■ N/f»TMl 
DELI  • PVi/i*.7 
W02  • riOl 

FP2  ; i402aqTHl/(0ELl*A(12i  ) 

V2T2  ■ kA(2)  ♦ <A(12)*FP2  ♦ KA(22)«PP2»FP2 

PH!2  ■ VZT2/(KRAD(2)»NC2I 

PS1P2.FLINi(5^PhI2,7J 

P02  ■ PV1«(1.*PS1P2»KNR(2)/TV1 )«»3»5 

PV2  m P02 

PSlTj.FUKKt  ,PHT2,9  | 
r02  • TVl*<NRt2)*PSIT2 
TV2  ■ T02 
C 

c Stage  three 
c 

RTH2  ■ S0RT(TV2/51S.7) 

»JC3  LN/RTh2 
DEL2  ■ PV2/i4>.7 
W03  ■ mD2 

FP3  ■ w03«RTH2/(DEU2*A(13n 

V2T3  • kA(3|  * KA413)«FP3  ♦ KA(23)*FP3.FP3 

PHt3  • v2T3/(KRAD(3)»NC3) 

PSIP3rFUNl(j,PMl3»ll) 

P03  • PV2*n«*PSIP3«KNR(3»/TV2)..3.5 
PV3  • PD3 

PSIT3»FUNx(8  »pH13>13) 

TD3  i TV2*KNR(3)»P81T3 
Tv3  • T03 

RTH3  . S0RT(TV3/819*7) 

WBL3  •kBL0(3>*ABL#PV3/(K3»RTH3) 

C 

c Stage  four 

c 

WDa  - rt03-taBL3 

NCA  m N/PTH3 

DEL3  • PV3/J4.7 

FP*  . w0*.BTH3/(DEL3«A(iA) » 

V2T*  t kA(I»j  * k.‘(iA|»FPA  ♦ <A(2#)»FPv»FP<t 
PHU  • V2r<»/(KRAD(*)*NC4) 

PSIP*.FUNj,9  ,PMU,i5! 

PO*  • PV3,(i,*pSIPA»KNR(A)/TV3)*«3.S 
PVA  • PD* 

■•SITp.FUMlllO'P^J'^l^l 

VO*  ; TV3*<NR«4>«PSIT* 

Tv*  ■ TO* 

RTH*  . S0RT(TV*/S18»7) 

MBL*  •k6LD(*)*ABL»PV4/(K3«RTH*) 

C 

c Stage  five 
c 

woo  ■ p0*>W8LA 
NCS  ■ N/PTM* 

OEL*  • PV*/l*.7 

FPB  ; MDS«RTH*y',0CL4«A[lt)) 

V2T9  • KA'9,  • KA;iS|«rP9  * KA;29t*FPB«FP5 
PH19  • V2t9/<KRAD»9)«NC9) 
PSIP9»FUNi,ii/PHlt*lf) 

P09  t PV*«(i.*p3lPB»)(NR(g)/TV*)»*3i5 

Pya  - 

PSITg.ruNi ( i2»PH1s»21 | 


83 


Table  A- 2 


Reduced-Order  Component  Model  (Continued) 
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Table  A-2.  Reduced-Order  Component  Model  (Contlcued) 
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Table  A-2.  Reduced-Order  Component  Model  (Concluded) 
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Ip(A0S([>l.|.TtO*OOOOOl)  STOP  77 

DXX«  ( •f**>T*Q»F  Y)/0 
DYY«( •Q»FX*F*Qk)/0 
1F(AbS(DXx).UT.(2..DELPT))  GO  TO  60 
F AcTbR.3 • .DEUPT/A8S(0xX I 
Dx*"FAcT0r,DxX 

t)YY. factor, qyY 

IF(AijS(dTY)  .i.T.(3,,t}Et<<DO) ) 00  TO  70 

factor. 8 •♦dElWdO/ABSIoTY) 

0TY*FACT0r,0TT 

OXX.FACTO^.qxX 

PT.PT*0XX 

W00**D0*Dyy 

ITERl.o 

Go  T,  99 

ConT^njE 

N • J^TGPL( jCN.nOT) 

IF(SENsE  switch  5>  110.180 
i«RtTEt9.5ii)  ItER8 

F8BMaT(1”1.5x»18>^C0NvcPGcD  IN.IJO/IPH  iTpRATlONSi 
0UtPuT(9»  v.bF.AB.BVO.ABL.NDT.PTERP.  wNE‘*’’»PT.XOO 
kRITc(9.6i?) 

FBBm»T( iHj , 

continue 

RETURN 

End 


1 oooooooo 
8 OqOoOoOI 
3 OoOoOoO? 
* OoOoOOOS 

5 OOOOOOQA 

6 OoOqOOO'3 

7 OoOoOoO* 

8 OoOcOOOT 


FUNCTION  HOxEY(POPT) 

IF(P0PT.0C.1.)  goto  1 

IF(P0PT.0£..53)  M0xEy.P9PT.««  I./I  .♦ ) .SoRTn  ••POPT»»  t .4/1 . Y i ) 

1F(POPT<OC.O.*ANO.POPT.UE.«53I  HeKEY..2SSB 

RETURN 

HOxFv.O* 

RETURN 

END 
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Table  A- 3.  Engine  Componeat  Cliaracteristlcs 

FUNCTION  FU:  ABLB=>  f [BVOBl 


evoB 

ABLB 

•OOOOQE  00 

« 

•QOOOOE  00 

•IOOOQE  00 

•ISOOOE  00 

•aooooE  00 

•33000E  00 

•2500QE  00 

f39SOOE  00 

•3000QE  00 

•455Q0E  00 

• 40000E*  00 

•54500E  00 

•50000C  6o 

•630Q0E  00 

•70000E  00 

•7880OE  00 

•lOCOOE  01 

•lOOOOE  01 

FUNCTION  F12: 

IGVPR=  f CN/N^] 

W MAX 

IGVPR 

•OOOOQE  00 

•99800E 

00 

•6000QE  00 

.99800E 

00 

♦65000E  00 

.997S0E 

00 

♦70000E  00 

•99680E 

00 

•75000^  00 

.99570E 

00 

•8000QE  no 

•99400E 

00 

•85000E  00 

•99200E 

00 

•9000QE  30 

•98980E 

00 

•95000^  00 

•987S0E 

00 

•lOOOOE  01 

•98500E 

00 

FUNCTION  F13; 

)GVPR  = f 

N/N  MAX 

OGVPR 

•OOOOQE  00 

•99800E 

00 

•6000QE  00 

•99800E 

00 

•66000E  00 

•99750E 

00 

•7000QE  00 

«9?680E 

00 

•75000E  DO 

•9960OE 

00 

•SQOOOE  no 

•99570E 

no 

•8500QE  DO 

«99530E 

00 

•9000QE  DC 

•99500E 

00 

•iooooE  nl 

.99500E 

00 
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Table  A- 3.  Engine  Component  Characteristics  (Continued) 


FUNCTION  F15:  ^ 

02 


•OOOOQE  c>o  • 
•45000E  00 
•50000E  00 

•550o6E  00 
•56800£  00 
•580QOE  00 
•600005  00 
•6200QE  00 

• 64Q0qE.  no  / 
•660005  00 
•680005  00 
•700005  00 
•72OO0E  ng 
•730005  00 
•740005  00 
•730005  00 
•7600QE  00 
•767005  00 
•790005  00 

• 8o*<ooE  no 


^FUNCTION  F16; 



•000005  66 
•450005  00 
•SOOOOE  00 
•550005  no 
•568005  00 
•580005  00 
•6000QE  00 
•6?OO0E  00 
•6400QE  00 
•660005  no 
•680005  00 
•700005  00 
•7S0P0E  no 
•730005  60 
•740005  00 
•7000QE  qo 
:•  760005  00 
•767005  no 

•:-9oooE  6o 
•80i005 

w8?OOOE  00 


^ 2 

^25O0OE  00 
•6950OE  00 
•74550E  00 
•7920OE  00 
•80^005  00 
•81600E  00 
•83100E  00 
•844005  00 
•856005  00 
•866005  00 
•8>30OE  00 
-87800E  00 
•879005  00 
•87800E  00 
•868005  00 
•853005  00 
• 8'2700C  00 
.780005  00 
•50000E  00 
.250006-01 

f l02^ 


.^95005  01 
-lOOpOE  01 
.97000E  00 
.95S00E  00 
•95300E  00 
.953005  00 
.955005  00  » 

.95600E  00 
.96000E  00 
♦97CO0E  00 
•97500E  00 
•980005  OC 
•980p0E  00 
.978005  00 
.972005  00 
.962005  00 
.935005  00 
.903005  00 
•620005  OC 
.220005  00 
-.260005  00 
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Table  A- 3.  Engine  Component  CheracterlstLcs  (Continued) 

j FONdTWN  F17:  f [03! 


H 

^ p 

•OOOOQE 

00 

•55000E  00 

•SOOOOE 

00 

•69300E  00 

•SjOOQE 

00 

•70200C  OO 

•57000E 

00 

•71200E  00 

•SSOOOE 

00 

•71500E  00 

•6000QE 

go 

•71900E  00 

•6a00QE 

00 

•72400E  00 

•6400QE 

00 

•72800E  00 

*6500QE 

00 

•73000E  00 

•6600QE 

00 

•73300E  00 

•6700QE 

no 

•73900E  00 

• 68OO0E 

no 

•729Q0E  00 

•6900QE 

w w 

f7l800E  00 

•69SooE 

00 

•70400E  00 

*69800E 

00 

•67Q00E  00 

•69900E 

00 

•62000E  00 

•70400E 

00 

•39400E  00 

FUNCTION  F18:'  f 


•oooogE  no 

•10600E  Ol 

•sooogE  no 

•83500E  00 

•5300gE  00 

f82500E  00 

•5700QE  00 

•SgOQOE  00 

•5800QE  00 

•siaooc  00 

•6OOOOE  00 

»820QOE  00 

•6200QE  00 

«82200E  00 

•64009E  no 

- 

.82500E  00 

•65000E  no 

•82800E  00 

•66OOOE  00 

•B3100E  00 

•6700QE  00 

•B3200E  00 

•68OOOE  00 

•B3000E  00 

•6900QE  00 

fSlSOOE  00 

•69500E  no 

•BQ200E  00 

•69800E  00 

f7l600E  00 

•6990QE  00 

•6B500E  00 

•7o^oqe  go 

*62000E.  00 

•7200QE  no 

•40000E  00 

•7400QE  no 

.12300E  00 

89 


Table  A- 3.  Engine  Component  Characteristics  (Continued) 


nmcnoN  “ 5 f 


•OOOOQE  00 
•5300QE  do 

• 5*»OOOE  00 
•5700QE  00 
•58000E  00 
•fOOOOE  00 
•6100QE  00 
•62CO0E  00 
•63000E  00 
*640001 . So 
•6S000E  00. 
•6S70QE  00 
*66000^  00 
•66300E  00 
*6690QE  So 

• 67500E  sSo 
•72500E  do 
•77500E  00 


' function  FllO: 


•OOOOQE  op 
•53000E  00 
•SSOOQE  00 
•57000E  no 
•58000E  00 

•6000QE  no 
•61000E  00 
•62000E  00 
•63000E  00 
•64000E  do 
•65000E  00 
•65700E  00 
•66000E  00 
•6630QE  00 
•6690QE  00 
•6750QE  00 
•6B500E  00 
,*7000QE  00 
•78500E  00 
•77500E  00  . 


tSSOOOE 

00 

•84200E 

00 

•84100E 

00 

t836O0E 

00 

»83000E 

00 

•81900E 

00 

»81300E 

00 

•80700E 

00 

.79900E 

00 

.79800E 

00 

.78300E 

00 

•77700E 

JO 

.77300E 

00 

.76600E 

00 

«75200E 

00 

•738oOE 

00 

•OOCOOE 

00 

-.738O0E 

bo 

^ C#43 

T4 

.146508 

01 

•98500E 

00 

.3630^E 

00 

t94800t 

00 

r 93800,8 

00 

.98300E 

00 

.91400E 

Ob 

.90400E 

00 

.89300E 

00 

.88400E 

CO 

.87700E 

00 

.87500E 

00 

.87500E 

00 

•875Q0E 

00 

.880008 

00 

.88500E 

00 

.86200E 

00 

*620008 

00 

.13000E 

00 

“.B7000E 

00 
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Table  Engine  Component  Characteristics  (Continued) 

FUNCTION  Fill:  [*5] 


*5 

•OOOOOE  60 

•52000E  00 
•54000^  00 
•SSSOQE  60 
t5700QE  00 
•58000E  00 

•5900gE  00 

•5950OE  00 

•6OOO0E  00 

•6IOOOE  06 

•615O0E  00 
•62000E  00 
•62500E  00 

•64CC0t  go 

•6625QE  go 
•68500E  00 


•70000E  00 
#70000E  00 
•69700E  00 
*69100E  00 
•68500E  00 
»67800C  00 
•67200C  00 
.667Q0C  00 
•66300E  00 
»64800E  00 
•63600E  00 
•61700E  00 
•57900E  00 
•37200E  00 
•OOOOOC  00 
-t37800E  00 


FUNCTION  FI12:  f [05] 


♦ocooqe  oo 
•42VOOE  60 
• <»7500E  00 
•52000E  00 
»5400gE  00 

■5580QE  og 
•5700QE  00 
•58000E  00 
•S9000E  00 
•5950QE  go 
•6OOOOE  Op 

•61000E  66 
t6l50gE  op 
•6200QE  66 
•62SO0E  00 
•6<^OOOE  06 
•6625QE  96 
•68500E  00 


•95800E  01 
.1Q070E  01 
*912Q0E  00 
•85300E  00 
•B2600E  00 
rSOSOOE  00 
•78700E  00 
•77500E  00 
•7660QE  00 
.76000E  00 
t74500E  00 
•73000E  00  • 
t7l500E  00 
•70000E  00 
.67500E  00 
•510Q0E  00 
•79000E-01 
•f ^^O^OOE  00 
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Table  A- 3.  Engine  Component  Characteristics  (Continued) 


FUNCTION  F113:  ^e***=:f 


*6 

** 

•ooooqe 

00 

•61600E  00 

•50000E 

00  . 

•61&00E  00 

•SSOOQE 

no 

*61200E  00 

«5350CE 

00 

*60500E  00 

• 55-OOOE 

00 

•58500E  OO 

•5700QE 

00 

•55000E  00 

•5800QE 

no 

•S2500E  00 

•e-^oooE 

00 

.47S00E  00 

•6100QE 

00 

•4S000E  00 

•6?500E 

00 

*40000E  00 

*6750QE 

go 

.?0000F  00 

•72500E 

00 

•OOOOOE  00 

Q77500E 

no 

••aooooE  00 

FUNCTION  F114:  ^ J « f 


*6 

1- 

oooogE 

00 

> *82000e  00 

•SOOOOE 

00 

•7O500E  00 

•5?oogE 

00 

•69500E  00 

♦53500E 

00 

•68300E  00 

•5500QE 

00 

.66600E  00 

•5700oE 

00 

•63800E  00 

•5800gE 

go 

*6l200e  00 

•60000E 

no 

*56200E  00 

•6100QE 

OQ 

•53000E  00 

*6250gE 

00 

•48200E  00 

•67500E 

00 

•29700E  00 

•7250gE 

00 

.Z5000E*01 

•775O0E 

00 

-•14700E  00 
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Table  A- 3.  Engine  Component  Characteristics  (Continued) 


FUNCTION  Fli5:  f [#7] 


•OOOOQE  00 
•4750oE  00 
•4850QE  00 
•SOOOQE  00 

•51500E  00 
•Sa500E  30 
•55000^  DO 
•5650QE  00 
•5750QE  pO 
•5900QE  30 
•59500E  00 
•6000QE  00 
•62500E  00 
•66OOOE  po 
•69500E  00 


•48600E  00 
.486OOE  00 
•486OOE  00 
•48400E  00 
•48000E  00 
•46500E  00 
•41500E  00 
•37500E  00 
• 34*500E  00 
•29500C  00 
t2750OE  00 
•25500E  00 
•15500E  00 
tQOpOOE  00 
•.15500E  00 


FUNCTION  F116; 


•OOOOOE  p6 
•SPOOpE  00 
•SlSopE  00 
•5?500E  00 
•55000E  po 
•5650pE  po 
•5750QE  no 
•59000E  UO 

•5950QE  00 
•fiOOOpE  no 
•62SO0£  PO 
•66OOOE  00 
•69500E  00 


*'7’^=  f 1*7: 

^5u200E  00 
•56000E  00 
•55S00E  00 
♦53700E  00 
.48700E  00 
•4^300E  00 
*412Q0E  00 
• «36200E  00 
*34200E  00 
•32300E  00 
•2200CE  00 
tCOOOOE  00 
-•25200E  00 


Table  A- 3.  Engine  Component  Characteriatics  (Continued) 

FUNCTION  FU7t"i^^-  f Cdg] 


^8 

^ p 

•4500CE 

30 

•40000E  00 

•46000E 

30 

»48400E  00 

•46500E 

00 

.482O0F  00 

•4750QE 

00 

•4/oOOE  00 

•49000E 

00 

•46000E  00 

•50000E 

00 

i435oOE  00 

•51000E 

00 

»39400t:  OC 

•52500E 

00 

•330O0E  00 

•5400QE 

00 

•26500E  00 

•SSOOQE 

00 

.g2500E  60 

•56500E 

00 

•46300E  00 

•575oqE 

00 

.12200E  00 

•6000QE 

00' 

•25000E-01 

•6055oE 

00 

•OOOOOE  00 

•66IOOE 

00 

••22500E  00 

FUNCTION  FU^s  ^3''’*  f [0q3 


♦s 

•ooooqe 

60 

•56000E  00 

•45000E 

00 

*56000E  00 

•4600QE 

00 

•56000E  00 

•4650pE 

00 

•56000E  00 

•47S00E 

00 

•56000E  00 

•4900CE 

00 

•53500E  00 

•50000E 

00 

•50700E  00 

•SIOOOE 

00 

t465Q0E  00 

•52500E 

00 

tifOOOOE  00 

•54000E 

00 

•32000E  00 

•550COE 

00 

•27000E  00 

•S650QE 

00 

•gOSOOE  00 

•57500E 

00 

•16000E  00 

•60000E 

00 

•45000E*01 

•60550E 

00 

* OOOOOE  00 

•66IOOE 

00 

••43200E  00 

94 


Table  A- 3.  Engine  Component  Characteristics  (Continued) 


FUNCTIOM  F119t 


PBHTB-TCD) 


•ooooqe  qo 
•9OOOOE  04 
•ISOOQE  05 
•13aSoE  05 
•a^OOoE  05 
•3000QE  05 
•3650qE  o5 
•4750QE  05 
•SSOOqE  qS 
•7250QE  gS 
•fSOOOE  g5 
^•1^500E  Q6 
•1400QE  06 
•I6OQOE  06 


ig=;f‘CPB-(TB-TCD)3  J 

- "8 

•794B0C  00 
•8806OC  00 
•93100E  00 
•9S500E  00 
t97l00E  00 
•98100E  00 
.98700E  00 
.99000E  00 
•99000E  00 
,.986gOE  00 
.983a0E  00 
.98100C  00 
•9S050E  00 
.98000E  00 


FUNCTION  FI  20: 


^MAX 

•60000E  ^6 

•7000QE  no 
•80000E  go 
•8500QE  no 
•900CQE  no 

•?7ooqe  60 

•lOOOOE  01 


KWB“  T 

KWB 


•78600E-03 

.70700E-03 

t69800E»03 

•69000E-03 

t69600E«03 

..69600E«03 

.73800E-03 
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25000E-01  .25000f-0l  .25000E-01 
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Table  A -3,  Engine  Com^wnei 

WT-TB  fPT 
FUNCTI0IIF3:  -f — 


•lOCOCE  q3 


•?3000£  03  •?*jOCE  o3  •?6000E  C3 


•?*C00E  03 


•33000E  03 


_N[ 

PT 

WJB 

.lOOOtE  03 


•?6:ocE  c3 


AHT  ,'"PT 

F.INCTION  F4s  — — - f — 
N Vtb  [PB, 


•OOOOOE 

0. 

•?3‘-OOE  0- 

0* 

•Pl80Ct  C' 

• PllCCE  C' 

• 20E-3-E  r; 

■10003E 

O-' 

•SErtoc  00 

• ?*O0CE  C" 

•23EOOE  0 . 

*'!2<»orr  n* 

•P180CE  0? 

• ?uc:t  O'- 

• c^5'5jE  C'"‘ 

•JOOOOE 

O': 

• ?EvO<-E  CO 

• pbQQCt 

C- 

• c-pkOCE  07 

•7I800E  OC 

• PllOOE  01- 

•EC53oE  :-r 

•300C0E 

Oo 

•26ooOE  qo 

• P'-iCC-E  0" 

• aa'iooE  CO 

•eo^OCE  0) 

■003CI0E  00 

•2OCC0E  CO 

•1963_E  70 

•35000E 

Oa 

.26-cuE  CO 

• pt'iOOf  O'- 

•2070JE  Co 

1' 

■’.  8500E  CC 

• 1"OOC-E  00 

•17500E  CC 

•*00C0E 

0^ 

• 2e:oce  CO 

•?3’D0E  0" 

• iSROlE  0-j 

•1710CE  07 

-'.6600E  do 

• ;6looE  O'. 

• ISbC'E  CC 

••50C0E 

Oo 

•EbOCOE  CO 

•?070cE  C" 

•1710CE  0^ 

^\b**OCZ  O' 

•14800E  OC 

.1*23.',E  0-' 

• 137C.-E  CO. 

•SOOOoE 

00 

•?5;00E  CC 

•IShOcE  O'- 

• 13«QCE  0^ 

jIOOE  00 

0? 

• IS'ICCE  DC 

•55000E 

Co 

.JaoooE  CO 

•167O0E 

•137JCE  Co 

•;220PE  07 

•11500E  00 

• ll-OOOE  00 

•IDS-OCE  OC 

•60000E 

ot 

•197COE  oc 

• IETOCE  *1" 

• ae':'OOE  05 

•IO6OCE  00 

■lOOOOE  00 

•9*900£-C1 

•9010.dE-C1 

•70000E 

00 

.1>i700E  00 

«10»0CC  O'’ 

•87TOOE-Q1 

•76c0CE-01 

•7080CE-C1 

•fc6O00E»01 

• oi'sooE-Ol 

•80000E 

00 

.96*ooE.o1 

•7010CE-01 

• 36  ;O0E-0l 

• <.770C£-31 

•44100E“01 

•*n600E»01 

•375O0E-CI 

• '/t-uCE-Ol 
•OOOOOE  00 


• j3s-0CE  “0  i 
.OOOOOE  00 


9S  •r'l  « 

>•  W ^ U Si  • 


• *5Ar  r y 

• ^ojooe  0 3 


• 1 ^s.nrE»ei 

•OOOOOE  CO 


•lEiOOE  01 

•oooooE  oc 


•SOOoaE  uo 
•lOOOOE  01 


OOOOOE  03 


l'?Q0E-01 

ccrooE  00 


' •3o:3'5E  03 

•?iOOOE  03 

•3**030E  o3 

•36CO0E  03 

•350CPE  '3 

■♦.•'OCOE  33 

•*3000E  03 

•**OOOE  03 

; »72'53-'E-01 

.*7*00E-0J 

»63330fc*ol 

•597C0E-O1 

•5%9oOE--i 

•53S>:3E-ti 

■5C1800E-01 

•*8300E»01 

■ •720a3E-01 

.67*OOE-OJ 

•63330E»nJ 

•597CiOE.Cl 

•5«.*ooE.-i 

•535C0E-11 

• 5cac;''E-oi 

•♦8*00E»01 

■ •7230:E-0i 

•67*OOE-OI 

•63300E*o1 

•597COE-01 

•535?0E-m 

•5C8O''E-0l 

. S8800E-01 

: •72C3-iE-C)1 

.67»00E-D1 

.6333qE*-'1 

•S9700E-01 

•5^+aoE.~; 

•535cOE' '1 

•SC8 JOE.Ol 

.tS»00E-01 

V •7l9ooE-Pl 

.67:oOE-Ol 

•63?0qE-31 

•59600E-:1 

• 5r»3r.'^£*'‘l 

•5j3coE.;,.i 

•537007.-31 

•48*00E»01 

■ •71iO0E^-OJ 

.67CC2E-01 

•633ooE*31 

•593C.0E.C1 

•SCOOpE-'l 

• 531:-jE.  ; 

• 5C500E-'jI 

.♦SIOOE-Ol 

^ .73*0  >E-01 
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Preceding  page  blank 


Figure  A- lb.  Trim  Routine  Plow  Chart  iSteady-State  Trim) 
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Figure  A-le.  Trim  Routine  Flow  Chart  (Steady-State  Trim) 
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TURBINE  AIRFLOW  ERROR; 
PTerROR“'^2-WTi 


Figure  A- If.  Trim  Routine  Flow  Chart  (Steady-State  Trim) 
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Figure  A-lg.  Trim  Routine  Flow  Chart  (Steady- State  Trim) 
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Figure  A~2.  Subroutine  Dynsunic  Flow  Chart 
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Figure  A-2.  Subroutine  Dynamic  Flow  Chart  (Continued) 
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Figure  A-k.  Subroutine  I?ynaix*ic  Flow  Chart  (Continued) 


Figure  A- 2.  Subroutine  Dynamic  Plow  Chart  (C  ontinued) 


Figure  A- 2.  Subroutine  Dynamic  Flow  Chart  (Concluded) 


118 


Figure  A- 3.  Llneariaation  Flow  Chart  (Concluded) 
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Figure  A>4, 


Nonlinear  Engine  Simulation 
Flow  Chart 
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APPENDIX  B 

CONTROL  LER  SOFTWARE  FOR  THE 
APL  WIND  TUNNEL  TEST  FACILITY 


Softyrare  for  the  optimal  command  controller  synthesized  in  Section  IV 
(Volume  I)  is  presented.  The  software  is  for  the  IBM  1600  computer  at  APL. 
This  software  inserts  the  Honeywrell  optimal  controller  within  the  Bendix 
Bounds  program  (Reference  B-l).  The  readex'  is  assiuned  to  be  familiar  with 
the  IBM  1800  (Reference  B-2)  and  with  the  Bendix  Bounds  program. 

This  appendix  is  divided  into  three  major  psu^ts: 

e Controller  data 
e Equilibrium-pressure  software 
e Equilibrium- temperature  software 

In  the  first  part  of  this  Appendix,  controller  data  for  deceleration-equUibrium- 
pressure-temperature  modes  are  combined.  This  system  will  provide  pre- 
cise speed  control  and  rapid  spool  speed  responses  without  surge- stall, 
excessive  temperatures,  or  flameouts.  This  is  close  to  a control  system 
that  we  recommend.  The  acyective  close  would  be  deleted  by  applying 
standard  correction  procedures  to  permit  operation  at  other  than  the  sea 
level  standard  design  condition. 

For  expediency,  in  testing  in  the  APL  wind  tunnel,  the  system  was  divided 
into  two  parts: 

e Deceleration-  equilibrium-  pressure 

e Deceleration-equilibrium- temperature 
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The  first  part  does  not  explicitly  provide  over^emperature  protection  while 
the  second  does  not  explicitly  provide  surge- stall  protection.  Protection  is 
obtained,  however,  by  setting  the  pressure  limit  low  enough  to  prevent  over- 
temperature and  the  temperature  limit  low  enough  to  prevent  surge- stall. 

COOTROLLEP  DATA 

The  inlet  guide  vanes  (IGV),  bleed  (BLD),  and  exhaust  actuator  (A8)  are 
operated  on  open- loop  schedules  (for  reasons  discussed  in  Section  IV). 

Closed- loop  control  is  used  on  the  fuel  valve. 

For  control  synthesis  the  IGV  and  BLD  were  set  on  the  G.  E.  schedule.  As 
Bendix  employs  the  same  schedule  in  the  Bounds  program,  the  Bounds  schedule 
for  IGV  and  BLD  are  used  with  the  Honeywell  controllers. 

The  A8  schedule  is  the  same  as  that  used  on  a previous  Honeywell  contract 
to  APL;  it  is  not  the  bill  of  materials  schedule. 

Table  B-1  summarizes  tlie  open- loop  schedules  for  IGV,  BLD,  and  A3. 

Fuel  valve  command  data  are  presented  in  Tables  B°  2 through  B-5.  Table  B-2 
presents  the  generic  form  for  the  complete  control  law. 

For  deceleration-equilibrium-pres  iure  control  ut  is  deleted  from  u2  in 
Equation  (3)  of  Table  B-2.  For  deceleration- equilibrium- temperature  con- 
trol, up  is  deleted  from  u2.  Feedback  gains,  open- loop  fuel  flows,  and 
"equilibrium"  data  are  presented  in  Tables  B-3,  B-4,  and  B-5,  respectively. 

The  equations  and  data  o£  Tables  B-2  through  B-5  could  liave  been  pro- 
grammed; a sii’.piificaJ.on  is  made  before  programming.  The  simplification 
permits  either  variable  limits  (ENL,  EPL,  or  ETL)  to  be  achieved  by 
constants  or  variable  integration  parameters  to  be  made  constant.  For 


I example,  in  the  EP  equation  (Table  B>2)  the  parameter  PC  is  variable.  It 

can  be  znade  constant  without  changing  the  resulting  control.  This  is  demon- 

Istrated  by  Table  B-6.  The  generic  form  of  the  modified  state  equations  and 
controllers  is  presented  above  the  dashed  line.  The  integration  parameter 
(d)  can  be  made  to  take  an  arbitrary  non- zero  value  by  dividing  d iy  p,  and  by 
multiplying  the  integral  gain  X by  p;  this  is  shown  by  the  equations  below  the 
i dashed  line. 


I I 


! i 

i 

! i 
i 
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EQUILIBRIUM- PRESSUBE  SOFTWARE 
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Flow  charts  are  presented  in  Figures  B-1  through  B-11.  Table  B-7  contains 
a glossary  of  terms.  The  program  is  presented  in  Table  B-8. 

The  main  computational  blocks  of  the  speed  and  pressuz  e control  program 
are  shown  in  Figure  B-1.  A detailed  flow  chart  for  each  block  is  subse- 
quently presented. 


Initialization 

In  this  section  of  the  program  (Figure  B-2),  all  of  the  gains  and  open-loop 
information  (i.e. , fuels  and  pressures  as  a function  of  speed)  are  trans- 
ferred from  variable-trim  locations.  (The  vauriable-trim  locations  are  the 
sole  means  of  communication  between  the  Hune^'Well  control  program  and  the 
Bendix  Bounds  program  to  the  proper  locations  in  the  control  program. ) The 
labels  associated  with  the  variable-trim  locations  have  the  prefix  VT  followed 
by  three  digits.  There  are  254  VT  locations.  The  contents  of  the  first  70 
variable-trim  locations  VTOOl  - VT070  can  be  monitored  and  manually 
changed  from  the  Bendix  interface  console.  Nominal  values  of  these  vari- 
ables are  stored  in  the  Bendix  Bounds  program  in  the  standard  trim  locations 
STOOl  - ST070.  The  section  of  the  Bounds  program  In  which  STOOl  - ST070 
are  defined  is  presented  in  Table  B-J.  The  contents  of  locations  VT071-  VT254 
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can  only  be  monitored  from  console.  VT039  acts  as  a logical  switch  for  the 
initialization  section  of  the  program.  If  VT039  = 16  this  portion  of  the  pro- 
gram will  be  executed  and  VT039  will  be  set  to  zero.  If  VT039  7^  16  the 
initialization  section  will  be  bypassed.  Since  all  the  VT  numbers  encountered 
in  this  portion  of  the  program  are  in  the  rsuige  VTOOl  - VT070,  they  can  ail  be 
manually  changed  from  Bendix  interface  console. 

Interpolation  Interval  Determination 

The  gains  (associated  with  the  feedback  quantities)  and  the  open- loop  informa- 
tion (fuei  and  pressure  values)  for  both  the  speed  controller  and  the  pressure 
controller  are  given  at  four  values  of  speed.  To  obtain  values  for  the  gains 
and  open- loop  information  over  the  whole  speed  regime  linear  interpolation 
is  used  (Figure  B-3).  Since  the  quantities  to  be  interpolated  are  given  at  four 
values  of  speed  N,  there  are  three  possible  intervals  rd  interpolation.  The 
four  values  of  speed  are  = 8250  rpm,  Ng  = 11,550  rpm,  Ng  = 14,025  rpm, 
and  = 16,500  rpm.  Thus,  the  three  intervals  sure  [N^,  Ng],  [Ng,  Ng], 

[Ng,  N^].  The  sensed  speed  N (in  the  program  sensed  speed  is  VT157)  is 
tested  to  determine  into  which  interval  it  falls.  Then  any  quantity,  call  it  f, 
given  at  the  fotir  values  of  N can  be  written  as  a linear  function  of  N as  follows: 

f(N)  = f(N.)  + f(N.^j)  Cg  (B- 1) 

where 

(N. . , - N)  (N-N.) 

^1  " (N^+i  - N.)  ^2  " (N.^^  - N.)  i = 1.  2.  3. 

The  interval  and  the  quantities  and  Cg  ere  calculated  in  this  portion  of 
the  program. 
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Exits  ft'om  this  section  of  the  program  are  given  the  labels  INlF,  IN2F  or 
IN3F,  depending  on  whether  the  sensed  speed  N satisfies  ^ N ^ N2, 

Ng  ^ N i Ng,  or  Ng  s N s:  N^. 


Interpolation  Logic 

The  three  sections  in  this  portion  of  the  program  (Figure  B-4)  all  evaluate 
an  equation  like  Equation  (B-i).  Thwefore,  the  logic  in  each  section  is  the 
same.  The  difference  is  in  the  label  used  for  f(N.)  and  The  different 

labels  represent  the  initial  address  in  a sequence  of  addresses  of  quantities 
associated  with  the  same  speed.  In  each  case  the  label  is  influenced  by  index 
register  one  (XRl).  Initially  (XRl)  is  set  to  zero  and  an  equation  similar  to 
(B- 1)  is  evaluated  in  double  precision.  XRl  is  then  incremented  by  one  and 
tested  against  label  NGFT  (NGfFT  = 18).  If  XRl  < NGFT  the  interpolation 
continues,  if  XRl  2 NGFT,  the  interpolation  is  done  and  we  are  tranr  erred 
to  label  FUELM. 


>lation  Scaling 


Both  Cj  and  Cg  are  nxunbers  such  that  0 s Cj,  Cg  ^ 1 and  Cj  + Cg  = 1.  In 

the  IBM  1800,  fractional  numbers  cannot  be  represented  except  as  the  ratio 

of  two  integer  numbers.  Therefore,  the  computation  of  Cj  and  C2  has  to  be 

scaled.  The  scale  factor  used  in  the  program  is  2*  = 128.  The  scale  factor 
7 

of  2 is  removed  after  the  interpolation  by  a shift  right  seven. 


Integral  Speed  and  Integral  Pressure 


The  integral  speed  and  integral  pressure  portion  of  the  program  (Figure  B-5) 
consists  of  logic  to  initialize,  integrate,  sad  limit  two  simple  differ>?ntial 
equations  in  time.  The  integral  speed  differential  equation  is 


EN  = -5.  3333  (N  - Np^^) 


(B-2) 


where  EN  is  the  integral  of  the  error  between  sensed  speed  N(VT157)  and 
requested  speed  Npj^  (VT128). 

The  integral  pressure  differential  equation  is 

EP  = -5.  3333  (PT3  - PT33)  F(N)  (B-3) 

where  EP  is  the  integral  of  the  error  between  sensed  PT3  (VT102)  and  a 
boundary  value  PT33  (PT3NB)  and  P(N)  is  a function  of  sensed  speed  (i.  e. , 
the  coefficient  in  the  differential  equation  is  not  constant;  c.f.  Table  B-6  and 
the  related  discussion). 


initialization  of  the  Differential  Equations 

The  initial  values  of  EN  and  EP  are  in  VT-36  and  VT037,  respectively.  The 
limiting  values  of  EN  and  EP  are  taken  to  be  the  absolute  values  of  VT036  and 
VT037 , respectively.  The  initial  value  and  the  limiting  value  are  changed 
whenever  VT039  contains  a sixty- four  (64)  or  a sixteen  (16). 


Integration  of  the  Differential  Equations 

The  differential  equations  are  integrated  numerically  using  the  trapezoidal 
rule 


n+1 


n 6 n n- 1 


(B-4) 


where  At  is  0,  015  second,  X is  the  current  value  of  the  integral , X is  the 

XI  • n 

current  value  of  the  derivative,  and  ^ ib  the  previous  value  of  the  deriva- 
tive. 
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Interpolation  as  a Function  of  Power  Lever 


Early  controllers  (not  documented)  used  PT5  and  PT3  as  well  as  an  open* loop 
fuel  as  a function  of  the  power  lever  (Figure  B-7).  The  speed  controllers 
used  in  engine  tests  require  only  open- loop  fuel  as  a function  of  power  lever. 
The  power  lever  position  is  given  in  terms  of  a speed  request  in  rpms  In 
VT128.  The  method  of  interpolation  is  the  same  as  it  was  for  sensed  speed. 
However,  since  only  three  quantities  are  being  interpolated,  no  index  registers 
are  used. 


Fuel  Request  Calculation 

Three  fuel  requests  are  calculated:  a speed  fUel  request,  a pressure  fuel 
request  and  a minimuiu  fuel  request  (Figure  B-8).  The  minimum  fuel  request 
is  calculated  in  the  Interpllation  logic  as  a function  of  sensed  speed  and  is 
stored  in  WFMNN.  The  speed  control  fuel  request  is  calculated  as  the  sum  of 
an  open- loop  fuel  scheduled  as  a linear  function  of  power  lever  and  the  fol- 
lowing feedback  quantities: 

• The  error  between  sensed  and  requested  speed 

• An  integral  of  the  error  between  sensed  and  requested  speed 

The  pressure  contrcl  fuel  request  is  calculated  as  the  sum  of  an  open- loop 
f::el  scheduled  as  a linear  function  of  sensed  speed  and  the  following  feedback 
quantities; 

• The  error  between  ./T5  sensed  and  a given  PT5  scheduled  as  a 
linear  function  of  speed 

• The  error  between  P3  sensed  and  a given  P3  scheduled  as  a 
linear  function  of  speed 

• The  integral  of  the  error  between  P3  sensed  and  a given  P3  as 
a linear  function  of  speed. 
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starting  at  label  MDW6,  all  of  the  Ingredients  used  in  calculating  the  fuel 
request  for  the  speed  and  pressxire  controllers  are  stored  in  VT162  - VT176 
for  checking  purposes.  Beginning  at  label  MEPT,  the  five  feedback  quanti- 
ties mentioned  previously  are  calculated  and  stored  in  VT196  - VT200.  The 
speed  control  fuel  request  starts  at  label  FREQE  and  each  of  the  products 
involved  in  the  sum  is  stored  in  VT201  - VT204.  Finally,  the  fuel  request 
for  the  speed  controller  is  stored  in  SUMEF  and  VT071.  The  pressure  fuel 
request  calculation  starts  at  label  FREQP  and  each  of  the  products  involved 
in  the  sum  is  stored  in  VT205  - VT207.  The  fuel  request  for  the  pressure 
controller  is  stored  in  SUMPF  and  VTo<2. 


Mode  Select  Logic 

In  Figure  B-9  the  modo  select  logic  starts  at  level  MDSWT.  The  minimum 
between  the  speed  fuel  request  VT071  and  the  pressure  fuel  request  VT072  is 
stored  in  VT180,  The  muximum  between  VT180  and  WFMNN  (minimum  fuel) 
is  stored  in  VT180.  .'it  this  point  a mode  number  is  stored  in  VT074,  depend- 
ing on  which  controller  is  used.  The  mode  numbers  are:  3276  for  the  speed 
controller,  6552  for  the  presstme  controller,  and  9828  for  the  minimum  fUel 
request. 


Fuel  xtequest  Filter  Logic 

The  fuel  request  in  VT180  is  put  tlirough  a first-order  lag  [ 30/(3+30)].  The 
lag  is  digitised  using  Tustin's  method  with  the  resulting  difference  equation 

' IS)  yn-1  * I«1  <B-5) 

where  is  the  current  output  (i,  e. , filtered  fuel  request),  y^^_j  is  the 
previous  output,  is  the  current  inpul  (unfiltered  fuel  request)  and  is 
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the  previous  input.  The  coefficients  in  the  difference  equation  ai'e  a ftinctiou 
of  the  sample  time  At  which  is  taken  to  be  0.  015  second. 


Exhaust  Nozzie  l>,>.quest  Calculation 
Figure  B-11  presents  the  flow  chart. 

The  nozzle  is  open  for  speeds  less  than  or  equal  to  14, 025  rpm.  The  nozzle 
request  representing  "open"  is  stored  in  VT034.  The  nozzle  is  closed  for 
speeds  greater  than  or  equal  to  16,500  rpm.  The  nozzle  request  representing 
"closed"  is  stored  in  VT035.  For  speeds  between  14, 025  rpm  and  16,500 
rpm  the  nozzle  request  decreases  linearly  from  "open"  to  "closed.  " The 
"rpeed"  used  in  the  nozzle  request  calculation  is  sensed  speed  (VT15T)  if  the 
control  mode  is  not  speed  control.  If  the  control  mode  is  speed  control  the 
speed  used  is  that  requested  by  the  power  lever  (VT128).  The  nozzle  request 
is  stored  in  VT081.  After  this  calculation  has  been  completed  and  index 
register  one  has  been  restored,  one  control  cycle  update  has  been  completed 
and  control  is  passed  to  the  Bendix  program. 


EQUILIBRIUM- TEMPERATURE  SOFTWARE 

Flow  charts  for  the  main  computational  blocks  and  for  each  block  are  pre- 
sented in  Figures  B-12  through  B-23.  Table  B-10  is  a glossary  of  terms. 
The  program  is  presented  in  Tables  B-11  through  B-14.  A listing  of  the 
Bendix  Bounds  program  corresponding  to  the  Equilibrium- Temperature 
Program  is  presented  in  Table  B- 13. 

The  main  computational  blocks  for  the  speed  temperature  control  program 
BU*e  shown  in  Figure  B- 12.  The  major  differences  between  this  program  and 
the  speed  pressure  control  program  are  the  filtering  logic  for  T4  whistle. 
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the  number  of  fee<3)ack8 , and  the  names  given  to  the  gains  and  open-  loop 
inforzxuitLon,  Conseqnently,  a description  of  each  of  the  blocks  in  Figure  B- 12 
will  be  given  in  comparative  terms  of  the  description  given  for  the  speed  and 
pressure  controller. 


Initialisation 

It  is  clear  from  looking  at  the  detached  flow  chart  (Figure  B-13)  that  more 
items  are  transferred  from  variable  trim  locations  to  locations  in  the  control 
program.  This  is  true,  because  the  temperature  controller  has  more  feed- 
backs than  the  pressxire  controller.  Consequently,  the  VT  numbers  encoun- 
tered in  this  section  of  the  prugreun  are  In  the  range  VTOOl  - VT090  (rather 
than  the  previous  VTOOl  - VT070).  The  Bendix  Bounds  program  has  been 
modified  to  allow  the  first  90  VT  numbers  to  be  changed  at  the  interface 
console.  Nominal  values  of  these  VT  variables  are  stored  in  the  standard 
trim  locations  STOOl  - ST090  in  the  beginning  of  the  Bounds  program 
(Table  B-13).  The  logic  to  get  into  this  section  of  the  program  is  the  same 
as  previously  described.  In  addition  to  the  increased  number  gains  smd  open- 
loop  information  to  be  transferred,  an  added  logic  switch,  ISW,  is  initialized. 
This  switch  is  used  to  initialize  the  filtering  logic  for  T4  whistle. 


Interpolation  Interval  Determination 

This  section  of  the  program  (Figure  B- 14)  is  exactly  the  same  as  for  the 
speed  and  pressure  control  program. 


132 


Interpolation  Logic 

The  only  dllferences  in  this  section  of  the  program  are  the  labels  (names) 
given  to  the  gains  and  open- loop  information  (fuel,  pressures,  and  tempera- 
ture) associated  with  temperature  controller  as  opposed  to  the  pre.?sure 
controller;  cf  Figure  B-15, 


Filtering  Logic  for  T4  Whistie 


The  temperature  sensed  by  ihe  whistle  (VT097)  goes  through  a lead- lag  filter 
t^nd  the  output  of  the  filter  is  stored  in  T4WF,  Figure  B-16.  The  transfer 
function  for  the  filter  with  VT0&7  as  input  and  T4WF  as  output  is 


T4WF  *^2  ^ ^ 

VT097  “ + i 


(B-6; 


where  and  are  piecewise  linear  functions  of  PT3. 


The  table  below  gives  Tg  and  versus  PT3. 


PT3  (psi) 

mm 

mm 

24.5 

ISI 

39.0 

|g| 

58.5 

mm 

10.0 

102.0 

m 

B,  0 

I 


i 

I 


The  filter  is  implemented  digitally  by  the  following  two  equations. 


XT4 


(VT097  - XT4) 


T4WF  = XT4  + XT4 


In  the  program*  K^  Is  scaled  up  hy  100  and  T2  is  scaled  up  by  10.  The  label 

for  • 100  is  KITHD  and  the  label  for  * 10  is  TAU2T.  The  coding  stsurts 

at  label  FUELM  with  the  calculation  of  KITHD  and  TAU2T  as  a function  of 

PG3.  At  label  STPl  the  logical  switch  ISW  is  tested.  If  ISW  is  unequal  to  . 

1234,  initialisation  of  the  filter  equations  takes  place.  Otherwise  branch  to 

• • 

STP2.  In  the  Initialization  logic  XT4  is  set  equal  to  VT097,  XT4  is  set  equal 
to  zero  and  ISW  is  set  equal  to  1234  followed  by  a branch  to  STP3.  Stairting 
at  label  STP2,  the  derivative  rT4  is  calculated  double  precision  and  stored  in 
XT4D.  At  label  STP3  the  differential  equation  is  integrated  one  step  forward 
in  time  using  the  trapezoidal  rule  (At  taken  to  be  0.  015  second).  The  updated 
value  of  XT4  is  stored  in  XT4  in  double  precision.  At  this  point  the  filtered 
T4  whistle  is  computed  and  stored  in  T4WF. 


Integral  Speed  and  Integral  Temperature 

In  this  portion  of  the  program  (Figure  B>17)  the  integral  pressure  differential 
equation  has  been  replaced  with  an  integral  temperature  differential  equation 

ET  » -13.3333  (T4WF  - T45)  (B-8) 

where  ET  is  the  integral  of  the  error  between  sensed  T4  whistle  filtered  and 
a boundary  value  T4  as  a function  of  sensed  speed.  The  initial  value  of  ET  is 
stored  in  VT038  and  the  limiting  value  of  ET  is  taken  to  be  the  absolute  value 
of  VT033. 

Additional  logic  was  added  to  the  integration  routine  in  this  section  to  reset 
the  values  of  EN  and  ET  to  zero  under  the  following  conditions: 

EN  = 0 if  VT074  (mode  switch)  ^ 3276 
ET  = 0 if  VT074  6552 
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This  logic  is  inserted  in  the  program  immediately  after  the  integrals  have 
been  updated  (section  of  the  program  beginning  with  statement  number 
HWS03300).  The  ^^rameters  EN  and  ET  are  updated  only  if  the  program  is 
in  the  right  mode;  EN  ia  updated  if  xhe  speed  control  loop  is  regulating  the 
engine  snd  ET  * j updated  if  the  toniperature  control  loop  is  regulating  the 
engine. 

The  rest  of  this  sectiori  of  the  program  is  the  same  as  described  previously. 


Interpolation  as  a Function  of  Power  Lever 

This  portion  of  the  program  (Flgire  B-IS)  is  exac^'v  the  same  as  previously 
described  for  the  pressure  controller. 


if.- 

S- 


f 


Fuel  Request  Calculation 

The  pressure  fuel  request  calculation  is  replaced  with  a temperature  fuel 
request  (Figure  B-20).  The  temperatime  fhel  request  is  calculated  as  the 
sum  of  an  open- loop  fuel  scheduled  as  a linear  function  of  sensed  speed  and 
the  following  feedback  quantities: 


• The  error  between  PT5  sensed  and  a given  PT5  scheduled  as 
a linear  function  of  speed 

e The  error  between  PT3  sensed  and  a given  PT3  scheduled  as 
a linear  function  of  speed 

e The  error  between  T4  whistle  filtered  and  a T4  given  scheduled 
as  a linear  function  of  speed 

e The  integral  of  the  error  between  PT3  sensed  and  a given  PT3 
scheduled  as  a linear  function  of  speed. 


S 

■I 


k 
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The  temperature  fuel  request  calculation  starts  at  label  FR£2QT  and  each  of 
the  products  Involved  in  the  sum  Is  stored  in  VT205  • VT207.  The  fuel 
request  for  the  temperature  controller  is  stored  in  SUMTF  and  VT073. 

Mode  Select  Logic 

The  only  difference  in  this  section  of  the  program  is  that  the  minimum 
between  the  speed  fuel  re'^uest  VT07 1 and  the  temperature  fuel  request  VT07  3 
(rather  than  tlie  pressure  fuel  request  VT072)  is  stored  in  VT180;  cf  Figure 
B>21. 


Fuel  Request  Filter  Logic 

The  same  as  previously  described  for  pressure;  Figure  B-22, 


Exhaust  Nosale  Request  Calculation 


This  is  the  same  as  previously  described  for  pressure  (Figure  B-23). 
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Table  B-1.  IGV,  BLD.  and  A 8 Schedules 


KiV  and  BLD 


(rpm)  = 11.800  + (T^-R  - 420"R)  x 

Nj  (rpm)  = 14.900  + (Tg^R  - 428 *R)x  lfT2“F«;25*F 

= 16,000  - (Tg^R  - 484®R)  X ^ . . 25“F  < Tg®F  < 75‘’F 

» 15. 800  + (Tj^R  - 534 ®R)  x ^ If  T^'F  * 75  “P 

on  a normal  day  (T2  =>  70°F)  the  schedules  are: 

= 13,244  rpm.  80.3% 
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Table  B^2.  Geneiuc  Fuel  Control  Law 


ue  = kjj  Cn  - (pla)]  + k^jj  EN  + kpg  CP3  - P3^  (pla)3 
+ kp.j,g  CpT5  - PT5^  (pU)]  + ue^  (pla) 

up  = kjjp  + kp3  CP3  - P3^  (N)3  + kp^g  CPT5  - PT5^(N)3  + up^  (N) 

ut  = kg^ET  + k^^4  CPT5  - PTS^  (N)3  + ut^  (N) 


0 If  EN  i ENL  «r  -5.  3333  (N  - N^)  ^ 0 

E*N=  0 If  EN  s ENL  & -5.  3333  (N  - N^)  S 0 

>5.3333  Cn  - (pla)]  otherwise 

0 If  EP  ^ EPL  & - PC  (P3  - P3^)  2 0 

EP=  0 If  EP  ^ EPL  & - PC  (P3  - P3q)  ^ 0 

- PC(N)  CP3  - P3q(N)]  otherwise 


Table  B*2.  Generic  Fuel  Control  Law  (Concluded) 

where 

15.  333  If  N < 14. 025  rpzn 

13.  333  If  N 2:  14.  025  rpm 

0 If  ET  i ETL  & -13.  333  (T4WP  - TT4^)  ^ 0 
ET  = 0 If  ET  s eTL  & - 13.  333  (T4WF  - TT4^)  ^ 0 

-13.  333  [T4WF  - TT4^  (N)]  otherwise 

N (rpzn).  P3  (psi).  and  PT5  (psi)  are  taken  to  be  the  outputs  of  engine 
sensors,  pla  is  throttle  in  part  of  full;  e.g. . 0. 75  pla  commands 
75  percent  rpm.  T4W  (®R)  is  the  output  of  the  Honeywell  fluidic 
(whistle)  T4  sensor 

' 7kl)T2  T4DUM  (P3)  TT4W 

T4DUM  = (P3)j  T4DUM  + TT4W 

T4WF  w TT4 

ENL  = 200.0 
EPL  = 1.0 
ETL  = 100.0 
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Table  B>3.  Perturbation  Gains 


<lb/sec)/rpzn 


N 

t:  y 

*^3 

Vrs 

*‘tT4 

(lb/Bec)/7't 

(lb/sec)/psi 

(lb/aec)/(deg  F) 

40.  58461-4 

— 

+0.45650-1 

-0.18636+0 

40. 15861+0 

— 

+0.  11304-3 

+0.  53  844-4 
+0.20271-1 

-0.  15966-2 

40. 12096-2 

-0. 22757-3 

-0.  62334-1 

-0.44936-1 

— 

+0. 14074-3 

+0.53354-1 

-0.20311-2 

-0.28462-3 

+0.  12239-3 

— 

— 

— 

+0.  15061-2 

-0.71783rl 

+0.  51485-1 

— 

+0.  16155-3 

+0.  91806-2 

-0. 74486-3 

-0. 18012-3 

+0.31975-3 

--- 

— 

fO.  12779-1 

-0.49166-1 

+0.43431-1 

+0.23413-3 

-0. 18094-1 

+0. 13297-1 

-0.  78669-5 

-0.2647S-3 


-0,  53363*3 


% N 

ue^C  pla] 

up^[N] 

utjj[N] 

ud[N] 

50.  0 

519.  0 

779.0 

651.0 

200.  0 

70.  0 

693.  0 

1740.  0 

1000.  0 

350.  0 

85,  0 

934.0 

2573.  0 

2000,0 

500.  0 

100.  0 

1648.  0 

3478.  0 

2400.  0 

1000.  0 

* Theae  are  for  the  A PL  engine  at  29.  55  inches 
of  Hg  and  82“F. 

They  should  be  corrected  with  ambient  conditions. 
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Table  B-5.  Equillbritmi  and  Boundary  Stitesv 


%N 

50 

70 

85 

100 

Equilibrium 
NoCplu]  rpm 

8,250.0 

11,550.  0 

14,  025.0 

16,500.0 

Pressure 

P3jN]psi 

22.0 

35.  5 

55.  0 

80.  0 

PTS^LNlpsi 

14.  8 

16.4 

2C.  5 

25.  6 

Temperature 

TT4q[N]»F 

1,020.0 

900.0 

1,  050.  0 

1, 160,  0 

P3^CN]psi 

23.5 

35.  5 

55.0 

80.0 

PTS^CNjpPi 

14.  8 

16.4 

20.  5 

26,  5 

'•'i 


♦These  are  for  the  APL  engine  at  99,99  inches  of  Hg  and  99®F 
They  should  be  corrected  with  ambient  conditions. 

Table  B-6,  An  Integral  Transformation 


X 

= 

+ Fx 

E 

= 

- dx 

= 

+ Fx 

- a Wf  + gu 

u 

= 

+ kx 

X 

= 

+ Fx 

E 

d 

“j*  * 

Wf 

= 

- a Wj  + gu 

i-JL 

= 

+ kx  + (\»i)^ 

TablvB'T.  Glossary  for  £({uUibriuin  - Pressure  Control 


VT 

Number 

Transferred  To 
(Program  Label) 

Description 

Standard  Value 
(Defined  in  the 
Bendix  Program) 

009 

— 

Logic  switch;  If  VT009>  123  the 
HMieywell  controller  is  in; 
otherwise  not 

0 

012 

DEFll 

Speed  control  gain  associated 
wiA  rpm 

(-215) X 16 

013 

WEFl 

Open-lpop  fuel- speed  control 
at  8250  rpm 

319  lb /hr 

014 

P3P1 

Open-loop  PT3-speed  cont:-! 
at  8250  rpm 

2200  (psi  X 100) 

015 

KEF  14 

Speed  control  gain  associated 
with  EN  at  6250  rpm 

(27)  X 16 

016 

KEF21 

Speed  control  gain  associated 
with  (N-Npj^)  at  11,  550  rpm 

(-126) X 16 

017 

WEF2 

Open-loop  fuel-speed  control 
at  11. 550  rpm 

693  lb /hr 

018 

P3P2 

Open-loop  PT3  - speed  control 
at  11,  550  rpm 

3550  (psi  X 100) 

019 

KEF24 

Speed  control  gain  associated 
with  EN  at  11,  550  rpm 

(2  5)  X 16 

020 

KEF  31 

Speed  control  gain  associated 
with  W-Npj^)  at  14,  025  rpm 

(-122)  X 16 

021 

WEF3 

Open-loop  fuel-speed  control 
at  14,025  rpm 

934  lb /hr 

022 

P3P3 

1 

Open-loop  PT,  - speed  control 
at  14,025  rpm"* 

5500  (psi)  X 100 

023 

KEF  34 

Speed  control  gain  associated 
with  EN  at  14,025  rpm 

(56) X 16 

026 

If  this  number  is  made  large, 
Bendix  bound  on  fuel  will  not 
be  in  effect 

028 

--  - 

Logical  switch:  If  VT028  = 64 
Hoiieywell  nozzle  is  used; 
otherwise  not 

0 

Table  B-7.  Glossary  for  E^illbrium  - Pressure  Control  (Continued) 


VT 

Number 

Transferred  To 
(Program  Label; 

Description 

Standard  Value 
(Defined  in  the 
Bendix  Program) 

034 

— 

Exhaust  request  open 

9640 

035 

— 

Exhaust  request  closed 

2650 

036 

ENK,  ENKL 

Initial  value  of  integral  speed 
limits  value 

1600 

037 

EPK.  EPKL 

Liltlal  value  of  integral  pressure 
limits  value 

1600 

039 

mmm 

Logic  switch:  VT030  = 16 
Initializes  everything.  VT039=64 
initializes  EN,  EP  only 

16 

040 

KEF41 

Speed  control  gain  associated 
with  (N“Npj^>  at  16,  500  rpm 

(-246)  X 16 

041 

WEF4 

Open-loop  hiel-speed  control  at 
16,  500  rpm 

1648  lb /hr 

042 

P3P4 

Open-loop  PT3  - speed  control  at 
16,  500  rpm 

0000  (psi  X 100) 

043 

KEF44 

Speed  control  f^ain  associated 
with  EN  at  16,  500  rpm 

(147)  X 16 

044 

KPFll 

Fudge  factor  used  in  EP  at 
82  50  i'pm 

3089 

045 

KPF12 

PresEure  control  gain  - (PT5  - 
PT5a)  at  82  50  rpm 

(571)  X 16 

046 

KPF13 

■Pressure  control  icain  - (PT3  - 
PT331  at  8250  rpm 

(-671)  X 16 

047 

WPFl 

Opef-.-xoop  fuel-pressure  control 
at  62  50  rpm 

779  ).b/hr 

048 

KPF21 

Fudge  factor  used  in  EP  at 
11,  550  rpm 

(576)  X 16 

049 

KPF22 

Presoure  control  gain  - (PT5  - 
PT53)  at  11,  550  rpnn 

(-162)  X 16 

050 

KF.’23 

Pressure  con-rol  gain  - (PT3  - 
PT3d)  at  11,  550  rpm 

(-224)  X 16 

Table  B-7.  Glossary  for  Equilibrium  - Pressure  Control  (Concluded) 


VT 

Number 

Transferred  To 
(Program  Label) 

Description 

Standard  Value 
(Defined  In  the 
Bendix  Program) 

061 

WPF2 

Open-loop  fuel-pressure  control 
at  11,  550  rpm 

1740  Ib/hr 

062 

KPF31 

Fudge  factor  used  In  EP  at 
11,025  rpm 

(59) X 16 

063 

KPF32 

Pressure  control  gain  - (PT5  - 
PT58)  at  14,025  rpm 

(185)  X 16 

064 

KPF33 

Pressuie  control  gain  - (PT3  - 
PT3S)  at  14,025  rpm 

(-258)  X 16 

065 

WPF3 

Open-loop  fuel-pressure  control 
at  14.025  rpm 

2573  Ib/hr 

066 

KPF41 

Fudge  factor  used  in  EP  at 
16, 500  rpm 

(364)  X 16 

067 

KPF42 

Pressure  control  gain  - (PT5  - 
PT58)  at  16,500  rpm 

(156)  X 16 

068 

KPF43 

Pressure  control  gain  (PT3  - 
PT38)  at  16,500  rpm 

(-177)  X 16 

068 

WPF4 

Open-loop  fuel-pressure  control 
at  16,  500  rpm 

3478  Ib/hr 

071 

— 

Speed  fuel  request 
1 coimt  " 4 Ib/hr 

0 

072 

— 

Pressure  fuel  request 
1 count  = 4 Ib/hr 

0 

074 

Mode  number 
3276  B speed  control 
6552  ■ pressure  control 
9228  = minimum  fuel 

0 

081 

Exhaust  actuator  request 

0 

180 

mmm 

Fuel  request  calculated  by 
control  program  3.  25  counts  = 
1 Ib/hr 

Table  B>8.  Equilibriuzn  - Pressure  Subprogram 


//  JOt  VOItK 

//  OMP 

•DCutTC  HtiCCT 

ft  ASM 

•evCRrLSM  tCCTBRS  4tiS 
•list 

• X«EP 

•SNEtaaROlNTCOCRB 

•CBMMON  I OpHV 1 1 S7 1 « I VT  00  « JPUMV ( 1 17 1 « I BTSi M|*IT I *0  « I AlCW 1 8 ) 

CNT  MRICT 

HkiCCT  DC  #•• 


ITX 

Cl 

XRlAl 

UDX 

Ct 

0 

* 

c 

TtITN 

TIALIZATISM 

'COU 

• 

CO 

f 

VT029 

t 

c 

• U 

BN2 

HICK 

8T0 

2 

VT039 

CO 

t VTOlt 

8RT 

A 

ST# 

c 

Kcrii 

CO 

2 

VTOIS 

ST# 

C 

NCFl 

CO 

2 

WTOl* 

ST# 

c 

P3P1 

CO 

2 

vTfllB 

8RT 

A 

ST# 

C 

KEFtA 

CD 

VT016 

SRT 

A 

ST# 

c 

Htrai 

CD 

VT017 

ST# 

c 

CEPt 

CO 

VTOli 

ST# 

c 

P3Pt 

CO 

K 

VTOl* 

SRT 

A 

STO 

L 

XEPfA 

CO 

VT020 

SRT 

A 

ST# 

KEP31 

CO 

V.021 

STB 

C 

•cri 

CO 

VT022 

ST# 

L 

P3P3 

CD 

VT023 

SRT 

A 

STB 

C 

KEP3A 

CD 

VTCAO 

SRT 

A 

STO 

L 

KEFAl 

LD 

VTOAl 

HUSOOOlO 

HWSOOOlO 

HMSOOOSO 

HWSOOO^O 

HMSoonSo 

HMSOOOSO 

HmSOOoTo 

HWSOOOSO 

HimSOOoSO 

HnSOOIOO 

HWSOOllO 

HkiBooian 


HwsooiSn 
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Table  B-8.  Equilibrium  - Pressure  Subprogram  (Continued) 

t 

I 


■Tt 

L 

Ncr* 

LO 

t 

VT04B 

STt 

L 

P1B4 

LO 

•rt 

P 

VT048 

4 

8TB 

L 

RCFa4 

LO 

8 

VT044 

6TB 

L 

RBFU 

LO 

8RT 

1 

VTOAS 

4 

ST9  L 

LO  t VT04* 
IRT  4 


STB 

L 

RFFIS 

LO 

VTOA? 

STB 

kPFI 

LD 

VT04S 

8RT 

4 

ITB 

KPFSl 

xo 

vtoab 

8RT 

4 

STB 

KPF82 

LD 

VTOBO 

8RT 

4 

8TB 

KPFP3 

LD 

WTOSl 

STB 

NPfa 

LO 

VTOSB 

8RT 

4 

STB 

RPF31 

LO 

VT063 

8RT 

4 

STB 

KPFlt 

LO 

VT0S4 

SHT 

4 

STB 

KPF33 

LO 

VTOtS 

STB 

NPF3 

LO 

VTOS4 

8RT 

4 

STB 

KPFAl 

LO 

VT047 

8RT 

A 

STB 

RPFA3 

LD 

VT04I 

SRT 

4 

STB 

L 

KPFA3 

LD 

1 

1 VT04S 

STB 

L 

PPFA 

LO 

L 

•0 

STB 

L 

time 

STB 

L 

SHLAO 

•interval  DETCRNINATltN 

mick  cqu  • 

LO  ?.  VTiBT 
8 •4?N0 


HWfOOlAn 

HWtOOlTo 

HW800I10 

HMSoorOn 

HMSOO^ln 
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Table  B-8.  Equilibrium  - Pressure  Subprogram  (Continued) 


M 

THAX 

LS 

• 1 

1TB 

NIN 

to 

• IfB 

STB 

Cl 

UO 

nO 

BTB 

Cf 

B 

L INIP. 

Cl 

oc 

Ci 

9C 

••• 

NIN 

OC 

UBRIk 

TMAX 

UO 

•lABOO 

3 

t VT1B7 

BP 

TINl 

UD 

93 

8TB 

NIN 

LO 

•0 

STB 

Cl 

‘LO 

• IBB 

STB 

C2 

a 

L tN3F 

TlNl 

UO 

•IIBSO 

s 

» VT1B7 

BN 

TIN! 

BBT 

9 

0 

■ 3300 

8TB 

Cl 

LO 

• IBS 

S 

Cl 

BTB 

C8 

LO 

• 1 

9TB 

NIN 

B 

L iNir 

TiNf 

LO 

• UOBB 

8 

B VT1B7 

BN 

TINl 

8RT 

9 

0 

•3A7B 

BTB 

Cl 

LO 

• IBB 

8 

(.1 

BTB 

C> 

LO 

•B 

STB 

N|N 

B 

L INtP 

TIN! 

LO 

•IBBOO 

8 

t VT157 

BBT 

9 

0 

• 247S 

STB 

Cl 

LO 

• 12B 

8 

Cl 

BTB 

C2 

LO 

■ 3 

STB 

NIN 

tt 

L |N3f 

UnBQ 

HWtOOttO 

HMtOOtSo 

HHtOOt^O 

HMSOOteo 

HM600t7o 

HMSOOftO 

HwtoosVn 
HWB001 3n 
Hwsoo'i«n 
HWBOOtSn 

Hwtooion 

HMSOosin 

HMSOosSa 

HMSOOSSo 

hmsooi^o 

HMSoosOn 

H«!>003*n 

HWSOOMn 

Ht^sooi’n 

HIh800«»00 

HMSOonin 

HMSOO«tfl 

HM800«*A 

HMSOOaSo 

HWS0O«7o 

HWIOO*tO 

MWSOOkBo 

HWBOOBOO 

HMSOOSiO 

Hwcoostn 

HuisoofOn 

HMSOOB^O 

HN$00S6n 

HMSOOS70 

HNSOOBfn 

HWSOOAOO 

HWSOOAln 

HUSOOBBn 

HWBOOASfl 

HriSOOi^A 

Hw$00*sn 

HMS00*7n 

HMSOOBBn 

HMS0070Q 

HW$007tn 

HmS007BO 

Hv<soo73n 

HnS0074a 

Mw';on75ft 
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Table  S-8.  Equilibrium  - Pressure  Subprogram  (Continued) 


I 

f 


i’  I 


CQULlMiun  ryCL  rtsN  so  sains 


Kcru 

OC 

••• 

Kcrit  oc 

0 

KCfia  oc 

0 

tccriA 

oc 

••• 

mCFI 

DC 

• aa 

F3C1 

OC 

E7nB 

PBCl 

oc 

1633 

• 

PRCSSURe  FUEL  FCSM  BO  < 

KPFU 

OC 

• aa 

KPFIS 

oc 

•«• 

KPfll 

oc 

• a# 

kpfi* 

oc 

b3 

mPFI 

DC 

• a# 

P3P1 

oc 

• a# 

PSPI 

oc 

USQ 

pTFl 

oc 

Ilia 

AAl 

oc 

16P 

Wf'INl 

DC 

6S0 

Tbi 

•oc 

tAoa 

euHPj 

DC 

1 

StTxl 

oc 

0 

NttPT 

c*: 

la 

Cll 

oc 

• aa 

C21 

oc 

aa« 

TSTl 

oc 

•aa 

SUMl 

OSS 

E 0 

cc 

0 

« 

oc 

0 

• INTCSfSkATC  iNTESVAk  1 

INIF 

EOU 

• 

LO 

t Cl 

STS 

Cll 

kO 

t ct 

STS 

CSl 

to 

t SCTXl 

STB 

TSTl 

LUPl 

tox 

11  TSTl 

to 

tl  KEFll 

w 

Cll 

STO 

8UM1 

to 

It  KEFfl 

M 

CSl 

AO 

SUPl 

BRT 

7 

StT 

16 

STB 

LI  KEFNl 

to 

Tsn 

A 

u BJPPl 

STB 

TSTl 

S 

t NQFT 

BN 

LUPl 

B 

L FUFLM 

• 

EOUltIBPluH  FUet  FtBM  70 

Ktrei  DC 
Ktras  DC 


••I 

0 


HwteoTte 


MMSOesAO 


HMSoosSa 

Hwsoos*e 

HUSOOS^O 

Hwsootsa 

HWiOOfSo 

Hwsoioln 

HWtOlOlA 

HWBOloAo 


HWSOIOSO 

HMSOtOSS 

HWSOtoTo 

HVSOIQSO 

HWSOtOiO 

HM^OHOO 

HMSOlllO 

Hwsonso 

HiiisonSn 

Hi^SOltAn 

Hwsoii7n 

Hwsonso 


HWSOItSO 

HMSOltlO 

HWSOltAO 

MMSOlifBn 

Mwsoi»Sn 

HMS0ti(7n 

HmSOIABa 

hwsoiaBa 


t 

\ 


f 

k 
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Table  B-8.  Equilibrium  - Pressure  Subprogram  (Continued) 


h- 

r 

U- 

h 

c: 


Kirn  Of  0 

lCCFt«  DC 

MCFf  oc  ••• 

ext  DC  4341 

eect  oc  lata 

• enEiauRc  rucL  rLtw  to  oaini 


•tPFIl 

OC 

KPPtt 

DC 

••• 

KPF23 

DC 

KPP24 

DC 

127 

pPFt 

DC 

■>« 

P3P* 

DC 

PSPt 

DC 

14«0 

mTF2 

DC 

1477 

A>2 

DC 

142 

NFMNB 

DC 

1134 

TM 

OC 

2843 

Clt 

DC 

••• 

cte 

DC 

• at 

TSTt 

DC 

• a* 

SUHt 

BSS 

C 0 

DC 

0 

DC 

0 

• INTERfOLATC  INTCtVAL  t 


INtF  CQU 

• 

LO 

L 

Cl 

3T4 

Clt 

UO 

L 

ct 

8T4 

C2t 

LO 

L 

8CTS1 

8T9 

T8T2 

LUPt  LOX 

11 

TSTf 

LD 

M 

KCFtl 

M 

Clt 

sto 

SUH2 

LO 

Ll 

KEF31 

« 

C22 

AD 

SUMf 

8RT 

7 

SIT 

14 

STB 

LI 

Kt^Nl 

LO 

TSTt 

A 

L 

BUPPl 

STB 

TST2 

8 

L 

NQFT 

bn 

LUP2 

B 

L 

FUFLM 

a ROUILIBRIuH 

KCFSl  DC 

• ■a 

KCF32  DC 

0 

KCF33  DC 

0 

kEF34  DC 

a#a 

xLF3  DC 

aaa 

P3C3  DC 

4161 

P&E3  DC 

22«3 

PRCsau'^E  ruEu  flrh  sb  Qainb 


HMOiaTo 


HMtOtASa 

HNB0i*re 

HWlOltOO 
HMlOlBtr. 
HMSOiatO  ‘ 
hwsoisao 


hwboibbo 

MMSOiein 

HMSOlSFn 

Hwsotatn 

HMSOlBtn 

HWS0140A 

KWSOlAifl 

MWSOIAOn 

HMS0143n 

HMBOiPAn 

H«IS0147n 

HMSOlAln 


HwsaiTtn 

HWSOtTSo 

HMSOtTAO 

HWBOtTSo 

HwSOtTtA 

HM80t77fl 

HMSOt7>0 

HKS017»0 


HMS9!t7n 
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Table  B- 8.  Equilibrium  - PresBure  Subprogram  (Continued) 


Krrii 

DC 

••• 

DC 

team  oe 

«Pf>4  DC 

II* 

DC 

P3a9 

DC 

asai 

DC 

tOBO 

WTPfJ 

DC 

3101 

HWSettBo 

A«3 

DC 

KB 

HHBOtfTo 

•(FJINJ 

DC 

t*fS 

Ttt3 

DC 

3743 

HUBOIBOB 

CIS 

DC 

HriSOtOlO 

C23 

DC 

HriSOIOln 

TSTj 

DC 

• •• 

HHB0I04Q 

MSB 

c 

0 

DC 

0 

• 

DC 

0 

• INrCRaSUTE  INTCMVaL  s 

IN3F 

EQU 

• 

HriSOlOBO 

CO 

c 

Cl 

HMSOlOBo 

STB 

C13 

HW80I070 

CD 

c 

Cl 

HWSOlaSO 

STB 

CIS 

HWS0I09O 

CD 

c 

SETXl 

MMSOSlOo 

STB 

TST3 

Hwsetiin 

Luaa 

CDX 

It 

TSTJ 

HWSOBIIO 

CO 

Cl 

KEF31 

HMSOItSn 

H 

C13 

HWSOBtAO 

STD 

SUMS 

CO 

Cl 

KEF41 

HN80Pt7o 

n 

CI3 

HMSQItSo 

AO 

SUM3 

SRT 

7 

SCT 

1* 

STB 

Cl 

KCFNl 

HHSOIBln 

CO 

TSTJ 

MWSOftJO 

A 

c 

BUMPl 

HHSoiePo 

STB 

T8T3 

HWS08I80 

8 

c 

NOFT 

HNSOItBn 

Bn 

CUP3 

HN808t7o 

B 

c 

FUECM 

HHSOItSfl 

• 

COUICIBRIUN  rUEC  rCBM  too  BAiaS 

Hwsoissn 

kCFRI 

DC 

Kcr«i 

DC 

0 

Kca«3 

DC 

0 

KEF44 

DC 

••• 

HCF4 

DC 

P3f:4 

DC 

10110 

P9E4 

DC 

39S1 

• 

PRESSUSe  FUEC  FCSH  tOO  OaINB 

HtfSOlSJO 

KPF41 

DC 

KPP42 

DC 

KPP43 

DC 

KPF44 

oc 

ii? 

<*PF4 

DC 

• •• 

PjPi* 

DC 

af 
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Table  B-8.  Equilibrium  - Pressure  Subprogram  (Continued) 


11  L 

) ( « 4 / . ) 

oc 

BiiSt) 

Tti4  OC 

B414 

HWtOBBOO 

fucln  cou 
» 

• 

HWBOMlO 

• INITULUC  INTcdllALt  ANO  LiMtTt  BN  INTCWaLA 


♦ 


CO 

t VT039 

HWB08B8O 

a 

•«« 

HWS08S3O 

bnz 

HOhb 

HWS08S40 

NTS 

8 VT039 

LO 

8 VT03A 

HuSOBBBo 

STB 

ENk 

HNN 

SENt 

LO 

«0 

S 

ENK 

SCNL 

STB 

ENKL 

LO 

8 VT03T 

HHSOBBT'B 

8RT 

4 

STB 

EPK 

BNN 

SEAL 

LO 

•0 

B 

CPK 

KPL 

STB 

EPKL 

LO 

8 VT03I 

NWBOIBBO 

'8TB 

ETKl, 

HUBOIAOB 

STB 

«;tk 

nOM 

CQU 

• 

HWBOBAlO 

• 

HWSOBABO 

• 

HUSOSASn 

• 

1 

HWS08780 

• calculatc  oeNivATivci  MS  CN  rr 

HwS0873n 

• 

MK808740 

LO 

8 VT1«B 

HHSOPTSa 

B 

8 VT19T 

HMS02760 

BTB 

ENOK 

HXS( 877a 

LO 

L <»T3N8 

HUT  .88*0 

B 

8 VTIOI 

btb 

EPOK 

HnS0.*840 

LO 

8 VTOfT 

MKSCiSSo 

8RT 

u 

HWS08BAn 

0 

•to 

Hw808a7a 

B 

L TBBN 

HKS08S>n 

BTB 

ETOK 

HkS088*0 

LO 

time 

HKS0899n 

BN2 

INTCB 

HwS089l0 

LO 

Cnok 

HKS0848O 

STB 

ENOKt 

Hw50893a 

LO 

EPOK 

HKS0894A 

STB 

EPSKl 

MKS089Sn 

LO 

ETOK 

HWS0896a 

STB 

cTDKt 

HkS0?97o 

LO 

8 VT03* 

Hwsr89Sa 

STB 

Enk 

HwSO,  9»f, 

ANN 

STrNL 

LO 

■ 0 

S 

ENK 

STCNC 

STB 

ENkl 

LO 

8 VT037 

HriSoania 

SBT 

« 

STB 

EPK 

Hvi|S03o3a 

stepl 

LO 

■ 0 

S 

EMk 
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Table  B-  8.  Equilibrium  - Pressure  Subprogram  (Continued) 


•tcpl  tte 

EPKL 

f 

VT038 

Hwtoioie 

ite 

ETIC 

HN80I0*0 

sra 

ETkl 

HUfOSOTo 

uo 

• 1 

HNS030BO 

ITS 

TIHC 

HKS0309a 

a 

c 

INTEO 

t»RQ 

HW80311O 

•OCNERATC 

EN 

EPCT 

HWSOSIEO 

Tine  oc 

0 

ENOK  DC 

HW8031AO 

CNOKl  DC 

HM803t8n 

EPOK  OC 

HUSOaiAfl 

EPDKl  DC 

HM803170 

EfOK  DC 

••• 

HWS03I8A 

etoki  oc 

HWS03190 

DT  OC 

IS 

HUS03300 

ENK  OC 

HMS03710 

ENKU  OC 

••• 

HkS0332o 

CP<  OC 

••• 

HW803730 

EPKt.  OC 

HKS03>4n 

ET<{  DC 

••• 

HWS03»Sn 

ETifU  OC 

H«S033A0 

• 

HkS03»8n 

INTEO  ECU 

• 

NMSOatSn 

• 

CACCUCATe  EN 

HWS03300 

LO 

ENOK 

A 

ENOKl 

M 

OT 

•LT 

3 

IN  SCaCEO  up  IV  8 

0 

•3T8 

A 

ENK 

HW80I40Q 

ITS 

ENK 

HW803410 

• 

cacCucaTe  EP 

MN8034tn 

LD 

EPDK 

A 

EPOKl 

« 

OT 

0 

•378 

H 

C 

APPNl 

D 

• 1000 

A 

EPK 

HH80849O 

8T9 

EPK 

HU803800 

• 

CACCUCATE  it 

HUB03B1A 

CD 

ETON 

HU803StO 

M 

•3 

HW803830 

«CT 

lA 

HW803S40 

8 

ETOKI 

HW503SSO 

H 

OT 

HW803SA0 

D 

■ fOOO 

HmS03S7a 

A 

ETk 

HHS03SSn 

STS 

ETK 

HkS03S9n 

• 

CINCTB  8n  EN  EP  CT 

HNS03k0n 

CO 

enk 

HHSOSAlO 

HN 

• HKl 

HkS0342n 

8 

ENKL 

H.iS03A30 

8»4P 

NK? 

HkS03A4n 

CO 

ENKL 

HMSCIftSo 

STS 

enk 

HwS''3Aftn 

Table  B>8.  Equilibrium  - Pressure  Subprogram  (Continued) 


NMl 


HM3 


liM# 


HNS 


HN* 


l»LA 


a 

C 

HM8 

cou 

• 

CD 

enk 

A 

ENKC 

BP 

HWf 

CD 

•0 

t 

ENKC 

•TA 

ink 

EQU 

• • 

CD 

epk 

*H 

HC3 

8 

EPKC 

ANP 

PM« 

CO 

EPKC 

8T0 

EPK 

a 

C 

MW* 

EQU 

• 

CO 

EPK 

A 

EPKC 

BP 

HM« 

CO 

■0 

s 

EPKL 

STB 

EPK 

EQU 

• 

CO 

ETK 

an 

MW8 

s 

etkc 

anp 

H'4A 

CO 

ETKC 

STB 

etk 

A 

C 

HK#, 

EQU 

• 

CO 

ETK 

A 

ETKC 

AP 

HHt 

CO 

fO 

8 

ETKC 

8TA 

ETK 

A 

C 

NMA 

Lose 

AOc  OCRlVATIVlS 

EQU  • 

LO  L CNDK 
sre  L CNOKl 
CO  C E^OK 
STS  L EPOKl 
CD  C ETOK 

sre  c etoki 

INTERPeCATC  PAP  PTl  AND  PTk 
At  A PUNCTltN  9F  PIA 

ECU  • 

CO  NPU 

• p vTiza 
3N  NOMt 

CC  C P3E1 
STA  C P3PC 
CO  c Pbrt 


HMtOMTO 

HNtOtAta 

HNtOlAtO 

HNt03700 

NWS03710 

HWS037Art 

HWS0373n 

Hi4l0374fl 

HMA037AO 

Ht«8037*Q 

HWS0377n 

H«lS0378o 

HW80379O 

HWS03S00 

Hwsoaaift 

HMS03S2n 

HWS03«3n 

KoSOSaAn 

HwsosaAo 

Hi^soaaAo 

HMS03870 

HMS038SO 

HMSoaatA 

n«td3ano 

HrfS039)n 

HWS0392A 

HWS0393A 

HMS039AA 

HtaS0395ft 

HMS039tn 

HWS0397A 

HM$039«A 

HWS0399A 

HwSOaaOa 

HmSOAoIa 

HWS0*a2a 

HuSOAaAa 

HMS09AAA 

HrySOAOSo 

MWSOAAAa 

hwSoao7a 

HWSOAOBA 

MMSOAAtn 

HWSOAtOO 

HWSOAllA 

HWS0A12a 

HNSOatSo 

MUSOAIAa 

HmSOAISa 

HmS091A0 

HhS0Al70 

HW$OAiaA 

HtaSOAItA 

H*SOA?OA 

HWS0«7l0 

H«SOAZ20 

Hi*SOA?3a 


153 


Table  £-8.  Equilibrium  - Pressure  Subprogram  {Continued) 


•T9 

k 

BSPk 

kO 

k 

Ntri 

ST8 

k 

M£FN 

S 

k 

NDS4 

noNi 

uo 

NPl.4 

8 

• 

VT128 

BP 

M0W2 

kO 

k 

PaC4 

8TB 

k 

P3Pk 

kO 

k 

PSCa 

STB 

k 

P5FL 

kO 

k 

ser4 

STB 

k 

WEFN 

B 

k 

H0W4 

nDN2 

kO 

k 

NPka 

8 

9 

VT128 

BN 

)10U3 

88T 

9 

0 

•3300 

'8TB 

CXI 

kO 

• 121 

8 

CXI 

8TB 

CX2 

ko 

k 

P3C1 

STB 

P3k 

kO 

k 

P3E2 

STB 

P3H 

kO 

k 

PBCl 

STB 

P5L 

kO 

k 

PSEt 

STB 

P8M 

kO 

k 

XEFl 

STB 

k 

XEFC 

kO 

k 

«CF8 

STB 

k 

wEfm 

B 

k 

NOWS 

kBRO 

M0M3 

kO 

NPL3 

8 

9 

VT138 

BN 

N0M4 

8RT 

9 

D 

• 2478 

STB 

CXI 

kO 

• 121 

S 

CXl 

8TB 

CX2 

kO 

k 

pars 

8TB 

P3k 

kO 

k 

P3C3 

STB 

P3M 

kD 

k 

psca 

STB 

P5L 

kO 

k 

PSC3 

STB 

P5N 

kD 

L 

WEF2 

STB 

L 

HEFL 

kO 

L 

WE  FI 

STB 

L 

WKFM 

HMtO^tSn 

HWt041*fl 

HW80«t7n 

HMS049SR 

H«lS04aOO 

HMS043tn 

HW5043SR 

HNS0433n 

MKS04340 

H«IS043Sr 

HWS0436R 

HW804370 

H«IS043BA 

HtaS0«39n 

HMS0440Q 

HMS04«fo 

HM80443O 

HW8O44B0 

HmS044*0 

HWS0447Q 

HHS0448n 

Mw504*8n 

HU804S0O 

HHS04Sln 

hNS04S2ft 

HWS04S30 

HMS04S4R 

HwS04s9n 

HWS04S*A 

HK804870 

Hwso4S8n 

HWS0459H 

H<«S0440a 

HMS044ln 

HnS04«8o 

H450443n 

HM8044Sn 

HmS0444o 


HI»S044Sa 

HW80449n 

HMS0470O 

HwS047tn 

M«iS0472n 

HmS0473r 

HWS0474n 

M«S0475o 

HinS0474n 

MWS3477n 

HW5047Bn 

HaS0*79o 

H»SO*JIOR 
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Table  B-8.  Equilibrium  - Pressure  Subprogram  (Continued) 


a 

L 

HOMS 

Kwsosate 

Nn.1 

BC 

•aso 

hmsoasSo 

N^Lt 

ec 

us«o 

HMS04S40 

3C 

1A095 

HMSOASSfl 

Nn.* 

oe 

IBSOO 

HMSOhbvo 

c»t 

DC 

HWS04B7fl 

ext 

DC 

••• 

MMS04BSO 

P3t 

oc 

HMS04B90 

F3M 

DC 

•4« 

HMS04900 

P8U 

OC 

HWS0491O 

P&H 

DC 

H6S0492n 

mcfl 

OC 

HWS0494n 

WEFH 

OC 

UWS049SO 

SUHX 

BSS 

c 

0 

OC 

0 

oc 

0 

HDM* 

LO 

RPL* 

H*S049Sn 

s 

p 

VT12S 

HWS04970 

SRT 

9 

0 

•2475 

HmS0499a 

STB 

CXI 

HMSOSOCr 

to 

•IPS 

8 

CXI 

MWS05020 

STB 

CX2 

HMS0503n 

to 

L 

P3C3 

HMS05O4O 

STB 

P3L 

HwSOSnSo 

uo 

L 

P3C4 

Hwsosnsn 

9TB 

P3H 

HmSOSOTn 

LD 

L 

P5C3 

HMSOSOBo 

STB 

P8L 

MW80509S 

CO 

C 

P9C4 

HbSOSlOd 

STB 

PSM 

HMSOStin 

CO 

L 

MCF3 

HHSOStSo 

«TB 

c 

MEFL 

NWSOSlSfl 

CO 

C 

HCF4 

HmSOSIAo 

STB 

L 

•EPM 

HbSOSlSo 

HDNB 

CO 

P3L 

HUSOSlSo 

M 

CXI 

HW$0Sl7n 

STO 

SUMX 

CO 

F3M 

HMSOSPOO 

•1 

exP 

HHSOStlO 

AO 

sunx' 

SRT 

7 

slt 

16 

STB 

P3PL 

MMSOSsSn 

CD 

P5L 

hwsosbbo 

M 

CXI 

HWS09>7o 

STD 

SUHX 

CD 

PSM 

HWS0930S 

M 

CX7 

HbSOSaln 

AO 

SUMX 

SRT 

7 

slt 

16 

STB 

■ PS  PL 

HkSOSlSfl 

CO 

L 

HtFL 

HMSOSasn 

M 

ext 

HMSQSl7n 

STO 

SU"X 

CO 

KtFM 

H^SOSlOo 
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Table  B-8.  Equilibrium  - Pressure  Subprogram  (Ccmtimied) 


n 

CXB 

MWtOBRlO 

AO 

SUHX 

«HT 

7 

•UT 

IB 

HWS08*Ba 

•TO 

uebn 

a 

L 

MOW* 

HWB03«Afl 

CORO 

HHt05*7A 

now* 

EQU 

• 

HWSOSStO 

UO 

L 

BBBL 

HMSOSSBO 

ata 

P 

wTl*l 

HNS05S3n 

1.0 

L 

B3BL 

HWSOSSAn 

STS 

P 

VT1A3 

Hwscsssn 

UO 

L 

EMK 

HWSOSSBn 

8T8 

B 

VTUA 

HitS0557o 

i.0 

L 

WEFN 

MaSOSSSo 

9T8 

P 

VTIAS 

HWSOSSSO 

LO 

L 

KEFNI 

Hwscs*on 

8T8 

B 

vriM 

WWSOSAlA 

LO 

L 

kefnb 

H«iSOS*Bn 

ST8 

B 

VT147 

HWS0S63A 

LO 

L 

KEFN3 

HWSOSXAA 

are 

B 

VT168 

HwSOSaSa 

LO 

L 

kefn* 

HaSOSABA 

8T8 

B 

VT14S 

HaS0S*7A 

LO 

L 

ftsnB 

HaS0S*8o 

ST8 

B 

VT170 

HWSOSaSa 

LO 

L 

*T3n8 

Hi<SCS70O 

8T8 

B 

VT171 

MWSOSTlA 

LO 

L 

CBK 

HWSOS7BO 

ST8 

B 

VT17* 

HWS0S73A 

LO 

L 

WPFN 

MWS0S7AA 

STO 

? 

VT173 

HWS0575A 

LO 

L 

APFNB 

HWS057BA 

8TB 

B 

VT17A 

HWS0577A 

LD 

L 

KPFn3 

HWS0578A 

STB 

'B 

VT178 

HHS0S79D 

LO 

L 

«PFN* 

HHS05SOO 

STB 

B 

VTt7* 

HHSOStlO 

• 

HWSOSiBA 

• 

calculate  x.xo 

FOR  COUlLtSRiUR  PREBBURr 

MWS05*9o 

• 

HWS09S00 

nC^T 

EOU 

■ 

LO 

B 

VT1S7 

NWSOSSBO 

S 

2 

VTIBB 

HNSOS|3o 

STB 

ME! 

HMS05B4O 

STB 

B 

vTm 

LO 

B 

VTlOS 

Hwsossan 

$ 

L 

pbpu 

HwsosaBo 

STB 

HEB 

MUS05S90 

8 

B 

VT073 

* 

HH$07*BA 

STB 

B 

VTH7 

LO 

B 

VTtOB 

HWS0590A 

S 

L 

P3PL 

HW50593A  • 

STB 

«E3 

HWS059AA 

STB 

B 

VTtSB 

LO 

L 

Enk 

HWS059SA 

STB 

w 

H»Sr597n 
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Table  B-8.  Equilibrium  - Pressure  Subprogram  (Continued) 


to 

t VTlOS 

i 

L RTSNB 

•TO 

HPI 

STB 

9 VTlt* 

LO 

9 VT!loe 

a 

L PT3NB 

STB 

MP3 

STS 

9 VTSOO 

LO 

L CPk 

STS 

kpa 

B 

L .'■RCQE 

HCl 

OC 

•>i 

net 

DC 

NC3 

DC 

HE  A 

DC 

liNl 

DC 

••• 

MR2 

DC 

•>  I 

.1R3 

DC 

••• 

«R4 

DC 

KLENl  DC 

kCTnE 

DC 

• •e 

KEFN3  OC 

• •* 

kcfna 

DC 

*•• 

«mLE'( 

DC 

• •• 

P3HL 

DC 

• •t 

A5»*L 

DC 

KPfM 

DC 

KPrM* 

DC 

4« 

RPrNi  OC 

' 4 

<prN* 

DC 

-PfN 

DC 

• •• 

PT3NB 

DC 

PTSnI  DC 

**• 

#TPN 

DC 

• •• 

A«N 

DC 

• •• 

wFHnn 

DC 

TSBN 

ur 

• ■# 

SUNEF 

OC 

• •• 

• calculate  »'UEL  NCQ<  .tv  MR 


FREOE  E3U 

• 

LO 

L 

KEFNl 

M 

MEl 

8LT 

7 

STS 

9 

VTlOl 

STS 

SUMTE 

LD 

L 

KEFNC 

H 

MEP 

0 

■ loo 

SRT 

STS 

9 

VTSOS 

A 

suMcr 

STS 

sumce 

LO 

L 

KEFN3 

M 

KE3 

0 

■ loo 

S(?T 

9 

MMSOBRtO 

HMtOAOio 

HWtOAORo 

MHROAOSO 

HWSO«060 

HMSOAOTq 

HWSOAQIO 

HW50A090 

HuSbAtOo 

HWSOAllO 

HnSOaICO 

Hb80Al3n 

MwSlAlAn 

H.SOAtSn 

HMS06I60 

HMSOAITo 

HwROAtS') 

HWSCAlSo 

HMSOAitOn 

Hw006?ln 

HJSOAsSr 

H*lS06?3n 

MwsoAaAn 

HW$0A?5o 

HWS06»«0 

Hn^snitTrt 

HWS0«»I0 

HriSC6»9n 

MW$0630S 

HMS063in 

MmSOASSo 

M»«$0A39n 

MWS06.1AS 

HmSOAITo 

HW$06)l0 

and  rrciaum 

HW80A*Brt 

MK'S06«8n 

hwsoaaTo 


HMS06«9rt 

HwS06'’Orv 

HWSOAftln 


H<«eo«K:tn 

HwSOASofl 

HWSDASSn 

HNSOASAn 
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Table  B-8.  Equlllbrivim  - Pressure  Subprogrsun  {Continued) 


8TB 

8 VTBOB 

A 

•uHir 

«T8 

fUHcr 

LD 

L KCFNA 

n 

SEa 

8tT 

« 

8TB 

8 VT80* 

A 

SUhcF 

8TB 

8UMrF 

LO 

L HEFN 

BBT 

2 

A 

suMcr 

8T6 

suMcr 

8 

L FRCOR 

CBRO 

SUHSr  DC 

••• 

rRCQB  CQU 

t 

LO 

L KRFN8 

s 

MPf 

•0 

■ lOO 

8RT 

8 

STB 

8UHPF 

STB 

B VT80B 

LD 

L KPFN3 

M 

MP3 

0 

• 100 

8BT 

8 

8TB 

8 VTPO* 

A 

SUHPP 

STB 

SUMPP 

LO 

L RPPNA 

M 

HP* 

D 

• 100 

8RT 

8 

BTB 

8 VTao7 

A 

8UMPP 

8TB 

suHpr 

LO 

L nPFn 

SRT 

8 

A 

BUHpr 

STB 

SUHPF 

6 

L FHEOT 

LBRfi 

gUSTF  DC 

••• 

TRCSY  EQU 

• 

LO 

•3P700 

8TB 

SUMTF 

8 

L HOSWT 

LBRQ 

BNE  DC 

3274 

TkB  DC 

4BB8 

THREE  DC 

9888 

WFneO  DC 

• HBOC  snitching  LBOIC 

w 

hosnt  fql 

• 

LO 

L SU“CP 

HwtesiSo 

Hwiosstn 

Hwsoftion 

HWtO*4lA 


HwB04*3n 

HMBOAABa 

HNSOAATn 

HM80AT0Q 

HMSOATto 

HMS0677n 

HW$047Sa 

HWS0A79n 

HuiSOAlOn 

MvjSOAIBQ 

HMS04l*n 


HMBOAIBO 

MNB0490A 

HMBOAIln 


NW80A91A 

HW80494A 

HW8049B0 

HH80A94A 


HW80A9IA 

Hm8070Ia 

HM80708A 

HWS070BA 

HM607a7a 

HwS07tfA 

Hri607l3A 

MM307t«A 

MNS07tBA 

HW807t4A 

HwS07l7o 

HWB07l6n 

HWS07t9A 

HWS0770n 

H'#8079lri 

HMS0732O 

HirilS07l3n 


HitS07;>*n 

M*S0775o 
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Table  B>  8.  EquiUbrliim  - Pressure  Subprogram  (Continued) 


ITt 

t 

VT071 

HNSoraso 

LO 

L 

SUMf 

HNSorste 

STI 

t 

VTa7l 

HHietiia 

ID 

L 

lUNTr 

NWSOtStO 

■Tl 

» 

VT071 

HW807300 

VT078 

HriS073l0 

uo 

f 

VT078 

HHS0738n 

NBP 

HU80733n 

STB 

taFMBO 

MwSOTlAo 

1 

VT071 

HW80738O 

UO 

1 

VT07I 

HM8073*n 

nb^ 

HMS0737D 

8TB 

f 

WTtSO 

HMS073BO 

MN 

MI  NFL 

H 

L 

■ 13 

HMSOASSn 

BUT 

U 

HW80700B 

STB 

n 

VTilO 

LD 

8 

VT180 

8 

L 

taFMNN 

‘BNN 

MI  MSS 

HINfL  LO 

L 

MFMNN 

STB 

f 

VTISO 

fUMss  eou 

• 

uo 

8 

VTISO 

HWS0719O 

SST 

u 

D 

<13 

8 

VT071 

HMS07400 

SNZ 

mikci 

husotaIa 

UO 

BMC 

HH80748A 

STB 

8 

VT07A 

HMS0743A 

B 

L 

suaib 

HWS07440 

MIKCI  LO 

8 

VTUO 

HwS07«9o 

ssr 

Is 

0 

• 13 

s 

8 

vTora 

H4S07440 

SNZ 

MI«8 

HW80747O 

LO 

Twb 

HW8074SA 

STB 

8 

VT07* 

HW8074SA 

S 

L 

ROAIB 

HM807B00 

MIKCI  LO 

three 

HWS07B1A 

STB 

8 

VT07* 

MW807B80 

S 

L 

RQAIB 

HM607B3A 

KLAOO  DC 

49 

KINUH  DC 

31 

K2NDM  QC. 

9 

VNMl  DC 

■ •• 

UNHl  OC 

• •• 

TtMF  t»SS 

e 

0 

DC 

0 

DC 

0 

S»LAO  DC 

• FINAU  rUCL 

REQUEST  IS  LAOQCD  HERE 

RUAIB  EOU 

• 

HM807B4A 

LO 

L 

SmlaO 

»NZ 

filt 

LO 

L 

• 173 

i h 

[■  Si 
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•Table  B-'i.  Equilibrium  - Pressure  Subprogram  (Continued) 


9Ttt 

L tWLAS 

LO 

t VTiao 

STS 

L ynhi 

ITS 

L UNHI 

S 

L OBNaZ 

riLT  LO 

L UMMI 

M 

L K2NUH 

8T0 

L TEMf 

LO 

a vTiao 

$T0 

L UNhi 

« 

L K2MUH 

AO 

L TEMF 

STD 

L TEMF 

LO 

L YNMl 

fi 

L KInuM 

AD 

L TEMF 

0 

L KLAOO 

ira 

L VNHl 

are 

f vTiao 

• CXHAUtT 

NB2ZLE  RCeUCtT  CALCULATION 

DONSl  CQU 

• 

LO 

t VT07A 

a 

L BNE 

SN2 

GTIQ 

LO 

a vTiaa 

ara 

L NAS 

a 

L CALAB 

QTIO  LO 

f VT15T 

ara 

L NAa 

CALAa  LO 

L nab 

a 

L <U0>9 

SNN 

OTll 

LO 

a VT03A 

ara 

a vToai 

a 

L C8NT 

oTii  a 

L •aA7S 

BN 

GTtI 

LO 

B VT035 

ara 

a vToai 

a 

L C8NT 

QTlf  LO 

a VT03A 

a 

a VT03S 

ara 

L AN02N 

LO 

L •1*500 

a 

L NA§ 

M 

L ANOZN 

0 

L •8A75 

A 

8 VT03S 

ara 

a vTnsi 

a 

L C9NT 

LaRO 

NAa  DC 

• •• 

ANaZN  DC 

• •• 

CBNT  EOU 

• 

HW807700 

xNl  LOX 

LI  ••• 

Mrt077lO 

M5C 

1 H*rcT 

HMS07780 
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Table  B-8.  Equilibrium  - Pressure  Subprogram  (Continued) 


i 


I 


f 

I 


5 


VT071  COU 

•7l 

HMS0771O 

Vt07t  COU 

•7t 

HWS0774a 

vT071  COU 

•7* 

MUB077SO 

VT07«  COU 

•74 

HMS0776O 

VtOOl  COU 

•ai 

HW80777O 

VTOOe  CQU 

•aa 

HnS0778o 

VT0S3  eau 

•ai 

MWS07790 

VT157  EQU 

♦10 

HWS07a0A 

vTtao  cou 

♦Sl 

HwS07alO 

vTlSS  EQU 

♦1 

HMS07a2n 

yno2  CQU 

•102 

HMS07l3n 

VTlOa  CQU 

•loa 

HMS0764O 

VTC97  CQU 

•97 

HMS07a5n 

VT'J36  EQU 

•34 

Hwso7aao 

VT037  CQU 

•37 

HwS07I7o 

vToaa  Cou 

•3a 

H«so7a8n 

VT039  CQU 

•39 

Hwso7a9n 

VT162  EQU 

♦3C 

HMS07900 

vT163  CQU 

♦34 

HWS07910 

Vtl6«  CQU 

♦37 

HWS07920 

VT163  CQU 

♦3a 

HWS07930 

Vtl66  CQU 

♦39 

HWS07940 

VT1&7  EQU 

♦40 

HMS07950 

VT168  CQU 

♦41 

HMS0796Q 

VT169  EQU 

♦42 

HWS07970 

VT170  CQU 

♦43 

MWS07960 

VT17J  EQU 

♦ 44 

Hrt60799o 

V<T172  CQU 

♦49 

H4SC6000 

VT173  EQU 

♦44 

HMSoanin 

VT174  EQU 

♦47 

hwsoio2o 

VT179  EQU 

♦4a 

HWSOBoSn 

VT176  CQU 

♦49 

HWS0i04fl 

VT20«  COU 

♦79 

VT207  EQU 

♦ao 

VT194  CQU 

♦69 

VTJP7  EQU 

♦70 

vTl9a  CQU 

♦71 

VT199  EQU 

♦72 

VT200  CQU 

♦73 

VTZOI  CQU 

♦74 

VT202  CQU 

♦79 

VT203  EQU 

♦74 

vT204  EQU 

♦77 

VT20«  CQU 

♦7a 

VT012  EQU 

• 12 

VTQ13  EQU 

•13 

yT3}4  CQU 

•14 

vrOlS  EQU 

•19 

yToia  EQU 

■16 

VT017  EQU 

• 17 

vTOia  CqU 

• la 

VTU19  CQU 

■19 

VT02C  EQU 

■ 80 

VT021  CQU 

• •21 

vT022  EQU 

■22 

vTC?3  EQU 

•23 

vT040  equ 

•40 

vTo<ii  Equ 

•41 
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Table  B-8.  EquiUbrium  • Pressure  Subprogram  (Concluded) 


VT0«l  ECU  *4r 

VT0«3  CQU  **3 

VT044  CQU  *44 

VT04S  EOU  *45 

VT04*  CQU  «4A 

VT^47  EQU  «49 

VT0«S  EOU  MS 

VT049  EOU  -49 

VTOSO  CQU  *90 

VT061  CQU  *61 

VT062  CQU  *69 

vT0A3  EQU  *63 

VT064  EQU  >64 

VT069  EQU  >69 

VT066  CQU  >66 

VT067  EQU  >69 

VT068  EQU  >69 

VT069  CQU  >69 

VT034  EQU  >34 

VT33S  'CQU  >39 

END 
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Table  B*9.  Standard  Trim  Adjustments  in  Bounds  Program 
(Equilibrium  Pressure) 

//  JOB VOISK  12  JUh  74  U8.bt2  MRS 


//  DMP  12  JUN  74  Oe.612  HKS 
♦DELETE GTECT 


DHP  FUNCTION  CONPLETEO 
//  ASM  GTECT  12  JUN  74 

HRS 

HWEOOO  10 

♦OVEKFLOM  SECTORS 

ttt9 

HH  EOOO  20 

HME000  30 

♦ XREF 

MM EOOO 40 

^Enria 

♦COMMON 

10UMV( 127 1 

tlVTOO 

tJOUMYI 127>< 

mT0,MEAST(64>>,tASCWl2  > 

HWEOOO 60 

1 

WT 

GTECT 

HWEOOO  70 

ouoo 

0 

0000 

2 

GTECT 

OC 

HWEOOO  80 

OUOl 

01 

60000 SI 2 

3 

STX 

LI 

XRl  + 1 

HHE00090 

0U03 

01 

6E000S14 

4 

STK 

L2 

XR2«1 

HHEOOlOO 

0UU5 

01 

6F000616 

5 

STX 

L3 

XR3+1 

HHEOOllO 

6 

« 

HHE00120 

0007 

03 

6 700FEC'J 

7 

LUX 

L3 

MEAST-63 

HHE00130 

0009 

03 

6600FF60 

8 

LOX 

L2 

IVTOO 

HWE00140 

OOOB 

00 

65000000 

9 

LOX 

LI 

0 

HHEOO 1 50 

0000 

0 

C03F 

10 

LD 

•0 

HHE00160 

11 

« 

HWEOOl  /O 

OOOE 

01 

4COOCOF  7 

■a 

8 

L 

START 

HHEOO ISO 

0010 

■9 

KSTAU 

EUU 

♦ RESET  ALL 

DIGITAL  AUJUST  HHE00190 

ouin 

0 

C03E 

14 

LO 

STOOl 

HHEOO 200 

001  1 

0 

02FF 

IS 

STO 

2 

VTOOl 

HHE00210 

Otil2 

0 

C030 

16 

LD 

ST002 

HHEOO 220 

0J13 

0 

02FE 

17 

STO 

2 

VT0C2 

HHEOO  2 30 

0014 

0 

C03C 

16 

LO 

ST003 

HHEOO 240 

0016 

0 

02F0 

19 

STO 

2 

VT003 

HHE00250 

0016 

0 

C03b 

20 

LO 

ST004 

HHEOO 260 

0017 

0 

-.02F£ 

21 

STO 

2 

VT004 

HHEOO  2 70 

0016 

0 

C03A 

22 

LO 

ST005 

HWE00280 

0019 

0 

02FH 

23 

STO 

2 

VT005 

HHEOO 290 

001 A 

0 

C039 

LO 

ST006 

HHEOO  300 

OOlfi 

0 

02FA 

STO 

2 

VT006 

HHEOO 310 

OOlC 

0 

C038 

26 

LO 

ST007 

HHEOO  520 

OOiD 

0 

02F9 

27 

STO 

2 

VT007 

HHEOO  330 

OOIE 

0 

C037 

26 

LO 

ST008 

HHFOO 340 

OOIF 

0 

02Fb 

29 

STO 

2 

9T008 

HHEOO 350 

6o2o 

0 

C036 

30 

LO 

TToo9 

HHEOO 360 

0021 

0 

02F7 

31 

STO 

2 

VT009 

HHEOO  370 

T5o?5" 

TT“ 

C035 

32 

TIT 

5T310 

HHEOO  380 

0023 

0 

D2F6 

33 

STD 

2 

VTOlO 

HHEOO  390 

0024 

u 

C034 

34 

LT) 

SToli 

HHEOO  400 

0025 

0 

D2F5 

36 

STO 

2 

VTOll 

HHEOQ410 

ffoSiT 

IT" 

36 

LO 

002  7 

0 

02F4 

37 

STO 

2 

VT012 

HHEOO  430 

002  8 

u 

C032 

38 

LO 

ST013 

HHEOO 440 

0029 

u 

02F3 

39 

STO 

2 

VT013 

HHEOO  450 

002A 

0 

C031 

LD 

ST014 

HHF00460 

0 12H 

0 

D2F2 

41 

STO 

2 

VT014 

HHE00470 

0L2C 

0 

C030 

42 

LO 

ST015 

HHEOO 460 

ooio 

0 

02F1 

43 

STO 

2 

VT015 

HHEOO 490 

O02f 

0 

C02F 

44 

LO 

ST016 

HHEOO  600 

002F 

0 

D2F0 

45 

STO 

2 

VT016 

HHEOO  6 10 

0030 

0 

C02E 

46 

LD 

ST017 

HHEOO 520 

0031 

0 

02fcF 

47 

STO 

2 

VT017 

HHE00530 

0032 

0 

C020 

46 

LO 

STOIB 

HHFOO 640 

0033 

0 

02tE 

49 

STO 

2 

VTOIH 

HHFOO  660 

003  4 

0 

COJC 

^0 

LO 

ST019 

HHFOO 660 

i 

J 
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Table  B>9.  Standard  Trim  Adjustments  In  Bounds  Program 
(EquiUbritun  Pressure)  (Continued) 

U J.yiii  74  . . .PAGE  002 


0035  0 

0036  0 


DIfEO 

C026 


003  7 0 

0038  U 


U2EC 

£02:a 


0039  0 
00  3 A 0 


D2EU 

■coas 


003B  0 
nii3r.  0 
0030  0 
Q03E  0 


02EA 

r.oPH 


D2E9 

C027 


003F  0 
0040  0- 


D2E8 

■ COZfe 


0041  0 

0042  0 


D2E7 

■ C025 


0043  0 

0044  0 


0045  0 
004^ 


02E6 

C024 


004?  0 
004a  0 


02E5 

-fcAZi. 


0049  0 
004A  0 


D2E4 

C022 


D2E3 

C021 


0048  0 
004C  0 


02E2 
704  e 


0040  0 0000 


004E  0 OOUO 


004F  0 
0050  0- 


0051  0 

0052  0 


0000 


0053  0 
0U54  0 


4E20 

0000 


0055  0 
005-6  Q 


1000 

-lifiSL 


FOOO 
EC  78 


005  7 0 
0058  0 


0000 

3£C8 


0059  0 0000 


00 5 A 0 F290 


0058  0 
005C  0 


0177 

0000 


0050  0 
005E  0 


0180 

F820 


005  F 0 
0060  0 


0315 

0000 


0061  0 
0062  0 


0190 

FB60 


0063  0 

0064  0 


04  A6 
0000 


0065  0 0380 


51 

_51_ 


STQ 

IC 


53 

_i4_ 


STO 

IP 


2 VT019 
ST020 


WT020 

ST021 


HWE00570 

MWE00580 


HWE00590 

HWEQQ601L 


55 

_i6_ 


STO 

LJ.. 


57 

_58_ 


STO 

_La_ 


2 VT021 

STO?? 


2 VT022 
ST023- 


HWF00610 

HypnohJO 


HUE00630 

HMFn0660 


59 

_61L 


STO 
LP  . 


2 VT023 


HHE00650 

MWEQ066C 


61 

_6i_ 


STO 

JJi, 


63 

Jl'^ 

65 

66 


STO 

LP 


2 VT024 
ST025 


HWE00670 

HWE0068C 


2 VT025 
STQ26 


HWE00690 


67 

-M- 


STO 

LD 


69 

70 


STQ 


2 VT026 
$TQ27 


71 

72 


STO 
_LP_ 
STO 
LO 


2 VT027 
ST026 


HW|00710 


2 VT026 
— STQ2«» 


HHE00730 
HWE00  740 


73 

Jjh. 


STO 




2 VT029 
ST030 


HWE00750 

HHE00760 


75 


77 

ja_ 


LORG 
_fi£ 


2 VT030 
SIIVT 


HWE00770 

HWE00780 


HME00790 

HWEOQBOO 


HWEOOeiO 


79 

_80 


6 

STOOP 


91 

_aa_ 


STOOl 

ST002 


SPEEU  CONTROL  FIG10-3C4 


83 

_BA_ 


ST003 

ST004 


OC 

P£- 


HHE00820 

HWE0083P 


DC 

PC- 


ST00  5 

JLIPPP. 


OC 

JIC- 


20000 
_£L 


IDLE  SPEED  TRIM 
MAX  SPEED  TRIM 


HMEOO  840 
MWE0OB50 


4096 

5000 


BRANCH  COMMAND  64» 


85 


67 

.P8_ 


ST00  7 

-&IP.QIL 


DC 

PL. 


-4096 

-5Q0P 


N INTEGRATION  INC 

W 1W7  PRESS  8AXM 


HMEOO 860 
HMEQP670. 


HMEOO  880 
HMEOO  890 


N INT  DECREASE 
N INT  DEC  PRESS  GAIN 


HME00900 
HMEOO  9 10 


89 


91 

92 


ST009  OC 
STO  10  DC 


ElGlO-5  PROP. TEMPERATURE  CONTROL 


STOll  OC 

* 


0 

11000  I 
0 


SPEED  CONTROL  SELECTION 


HME00920 

HMEOQ930 


93 

94 


ST012 


ZERO  FLUM  ADJUST 
HONEYWELL  ST  VALUES 


HWE00940 


HMff00960 


OC 


95 

96 


ST013  DC 
ST014  DC 


-3440 

519 

2200 


97 

98 


ST015  DC 
STO 16  OC 


432 

-2016 


WF 
PT3> 


gain  (50  .El 


(50 

(50 


tEI 

ill 


EN  gain 
N gain 


(50 

(-70 


99 

100 


ST017  OC 
STO  18  OC 


693 

3$S0 


101 

_l0i_ 


10  3 
104 


ST019  OC 

-$T9a!-K- 


400 


WF 
PT3S 


(70 

(70 


tEI 
tE) 


.E> 

lE) 


105 

106 


ST021  OC 

StpgZ  K 


5300 


EN  gain 
JS fiAi!L 


ST023  OC 


896 


WF 


(70 

(85 


lE) 

aLL 


(85 

_LU. 


fEI 

j£J- 


EN  gain  (BS  .E> 


107 


END  HONEYWELL  ST.  VALUES 
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Table  B-9.  Standard  Trim  Adjustments  in  Bounds  Program 
(Equilibrium  Pressure)  (Concluded) 

12  JUW  74 003 


0U66 

0 

1770 

106 

109 

» 

ST024  Of. 

6000 

ZERO  N KATIOS^  INTERCEPT 

HWE0114Q 

0067 

u 

A 240 

no 

5T025  DC 

-24000 

BACK  SLOPE  SPEED  BREAK  PT 

HWE01150 

0U6B 

0 

4000 

111 

ST026  DC 

16384 

112 

HWE01170 

113 

6iCUH610-8 RA7LQ^  J!iTEGKA7I0NHW6Q1180 

0064 

u 

7666 

' 14 

ST027  DC 

32760 

0U6A 

0 

0000 

1^ 

ST028  PC 

0 

0O6B 

0 

0000 

1 16 

ST029  OC 

0 

MININUH  RATIOS  SLOPE 

HWE01210 

0U6C 

u 

5014 

117 

ST030  OC 

20500 

NINIrtUH  RATIOS  LEVEL 

HWE01220 

0060 

0 

0000 

116 

ST031  DC 

0 

HWE01230 

006E 

0 

7668 

119 

STU32  OC 

32760 

VALVE  MAXIMUM  POSITION 

HWC-0124Q 

006F 

0 

0000 

120 

ST033  DC 

0 

VALVE  MINIMUM  POSITION 

HWE01250 

00  70 

0 

25A6 

121 

ST034 

9640 

007  1 

0 

0A5A 

122 

ST035  DC 

2650 

123 

124 

HONEYWELL  $7 

VALUES 

125 

0072 

0 

0640 

126 

ST036  OC 

1600 

00  73 

0 

U640 

127 

ST037  OC 

1600 

0074 

0 

OOOA 

128 

ST038  OC 

10 

00  75 

u 

0010 

129 

S70  39  OC 

16 

0076 

0 

60A0 

130 

STO40  DC 

-3936 

N gain  (100,E> 

0077 

u 

0960 

131 

ST041  OC 

1648 

W6  (lOO.E) 

0078 

0 

0000 

132 

ST042  DC 

5?550 

PT3B  (100,E) 

00  79 

0 

0930 

133 

ST043  OC 

2352 

EN  gain  IIOO.E) 

007A 

0 

OCll 

134 

ST044  OC 

30  8 9 

6UG  gain  (50  ,P) 

00  7B 

u 

2360 

135 

ST045  OC 

9136 

PT5  gain  (50  fP» 

007C 

0 

0610 

136 

ST046  OC 

-10736 

PT3  gain  (50  fP) 

00  70 

0 

0308 

137 

ST047  OC 

651 

EP  GAINM50  tP) 

0076 

0 

2400 

136 

$7048  OC 

9216 

6UG  gain  (70  tP> 

00  76 

0 

6560 

139 

ST049  OC 

-2592 

PT5  gain  >70  fP) 

OOBO 

0 

6 200 

140 

$7050  DC 

-3584 

P73  gain  (70  *P) 

141 

142 

« 

END  HONEYWELL 

ST  VALUES 

143 

♦ 

144 

HME01460 

145 

6ICURE1Q-12  IGV  6 BLEED  C0N7R 

HWE0t470 

006  1 

u 

0000 

146 

$7051  OC 

0 

LOW  N TkIM  06  IGV 

HWE014B0 

00  62 

0 

3660 

147 

$7052  OC 

16000 

HIGH  N TRIM  06 IGV 

HWE01490 

0063 

0 

0000 

148 

$7053  OC 

0 

LOW  N TkIM  06  BLEEDS 

HWE01500 

0Ub4 

0 

3660 

$7054  DC 

16000 

HiGH  N TRIM  OF  BLEEDS 

HWE01510 

150 

♦ 

HWE01520 

151 

« 

6I60RE10-14  nozzle  C0N7RQL 

HWE01530 

0085 

0 

1056 

152 

$7055  OC 

4190 

NOZZLE  FLAT 

BEN01530 

00  66 

0 

4008 

153 

$7056  OC 

16600 

75  KEOOEST 

HWE01550 

0UB7 

0 

4000 

154 

$7057  DC 

16384 

75  CONTROL  GAIN 

HWE01560 

0068 

0 

0000 

155 

$7058  OC 

0 

HWE01570 

0069 

0 

0000 

156 

$7059  OC 

0 

HWE01580 

00  6 A 

0 

0000 

157 

$7060  DC 

0 

HWE01590 

OOBB 

0 

06CC 

158 

$7061  DC 

TOoo 

EP  gain  (70  »P) 

00  6C 

0 

0380 

159 

$7062  OC 

944 

FUG  gain  (85  tPI 

OUbD 

0 

0B90 

160 

$7063  Ot 

2960 

PT5  (Jain  (85  ,p) 

0086 

0 

6660 

161 

$7064  OC 

-4128 

PT3  gain  (85  tP) 

5UbT 

0 

“TJTfoB 

tsr 

$7065  OC 

JIRJB 

EP  gain  (85  ,P) 

0090 

0 

16C0 

163 

$7066  OC 

5824 

FUG  gain  ( lOOtP) 

0U9  1 

0 

O9C0 

164 

$7067  OC 

2496 

PT5  gain  ( 100, P) 

0092 

0 

6460 

16  5 

$7068  OC 

-2832 

PTi  GAIN  ( 100, Pi 



00  93  0 

0096 

.1.66 

$7069  Ot 

EP  GA In  ( 100  «P ) 

0094  0 

0000 

167 

$7070  DC 



0 

165 


I • ■ 


Table  B~10.  Glossary  for  Equilibrium- Temperature  Control 


— 

VT 

Nuinber 

Transferred  to 
(Program  Label) 

Description 

Standard  Value 
(Defined  in  the 
Bendix  Prc^am) 

009 

— 

Logic  switch:  If  VT009  > 123 
the  Honeywell  controller  is  in; 
otherwise  not 

0 

012 

KEFll 

Speed  control  gain  associated 
with  (N-Npj^)  at  8250  rpm 

(-215  X 16) 

013 

WEFl 

Open- loop  fuel- 8 peed  control 
at  8250  rpm 

519  Ib/hr 

014 

P3P1 

Open- loop  PT3- speed  control 
at  8250  rpm 

2200  psi  X 100 

015 

KEF14 

Speed  control  gain  associated 
with  EN  at  825  rpm 

(27)  X 16 

016 

KEF21 

Speed  control  gain  associated 
with  (N-Npj^)  at  11,550  rpm 

(-126)  X 16 

017 

WEF2 

Open- loop  fuel-speed  control 
at  11,550  rpm 

693  Ib/hr 

018 

P3P2 

Open- loop  PT3  - speed  control 
at  11,550  rpm 

3550  psl  X lOU 

019 

KEF24 

Speed  control  gain  associated 
with  EN  at  11, 550  rpm 

(25)  X 16 

020 

KEF31 

Speed  control  gain  associated 
with  (N-Np^)  at  14,025  rpm 

(-122) X 16 

021 

WEF3 

Open- loop  fuel- speed  control  at 
14,025  rpm 

934  Ib/hr 

022 

P3P3 

Open- loop  PT  3- speed  control  at 
14.025  rpm 

5500  pal  X 100 

023 

KEF34 

Speed  control  gain  associated 
with  EN  at  14,025  rpm 

(56)  X 16 

026 

If  this  number  Is  made  large, 
Bendix  bound  on  fi\el  will  not  be 
in  effect 

2^" 

028 

Logical  switch;  if  VT028  = 64 
Honeywell  nozzle  Is  used; 
otherwise  not 

0 
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Table  B>10.  Glossary  for  Equilibrium- Temperature 
Control  {Continued) 


VT 

Number 

Tmnsferred  to 
(Program  Label) 

Description 

Standard  Value 
(Defined  in  the 
Bendix  Program) 

034 

— 

Ebchauat  request:  open 

9640 

035 

— 

Exhaust  request:  closed 

2650 

036 

ENK. 

ENKL 

Initial  value  of  integral  speed 
and  limits  valve 

1600 

038 

ETK, 

ETKL 

Initial  value  oi  Integral  tempera- 
ture and  limiting  valve 

25,600 

039 

Logical  switch:  VT089  = 16 
initialize  everything,  VT039  ^ 
64  initializes  EN  and  £T  only 

16 

040 

KEF41 

Speed  control  gain  associated 
with  (N-Npj^)  at  16,500  rpm 

(-246)  X 16 

041 

WEF4 

Open- loop  fuel-speed  control  at 
16,  SOO  rpm 

1648  lb /hr 

042 

P3P4 

Open- loop  PT3- speed  control  at 
16,500  rpm 

8000  psi  X 100 

043 

KEF44 

Speed  control  gain  associated 
with  EN  at  16, 500  rpm 

(147) X 16 

044 

KTFll 

Temperature  control  gain  - 
(PT5-PT55)  - at  8250  rpm 

(557)  X 16 

045 

KTF12 

Temperature- control  gain  - 
(PT3-PT35)  - at  8250  rpm 

(-736) X 16 

046 

KTF13 

Temperature  control  gain  - 
(T4WF  - T46)  at  8250  rpm 

(-105)  X 16 

047 

KTF14 

Temperature  control  gain  - ET 
at  8250  rpm 

(52) X 16 

048 

WTFl 

Open- loop  fuel- temperature 
control  - at  8250  rpm 

651  lb /hr 

049 

KTF21 

Temperature  control  gain  - 
(PT5-PT56)  at  11,550  rpm 

(936)  X 16 

050 

KTF22 

Temperature  control  gain  - 
(PT3-PT35)  at  11,550  rpm 

24585 
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Table  B-10.  Glossary  for  Equilibrium- Temperature 
Control  (Continued) 


VT 

Number 


Transferred  to 
(Program  Label) 


Description 


KTF23 


KTF24 


WTP2 


KTF31 


KTF32 


KTF33 


KTF34 


WTF3 


KTF41 


Temperature  control  gain  - 
(T4WF-T4b)  at  11,550  rpm 

Temperature  control  gain  - 
ET  at  11,550  rpm 

Open-loop  fuel  - temperature 
control  at  11, 550  rpm 

Temperature  control  gain  - 
(PT5-PT5D)  at  14, 025  rpm 

Temperature  control  gain  - 
(PT3-PT35)  at  14,025  rpm 

Temperature  control  gain  - 
(T4WF  - T45)  at  14,  025  rpm 

Temperature  control  gain  » 

ET  at  14, 025  rpm 

Open- loop  fuel  - temperamre 
control  at  14, 025  rpm 

Temperature  control  gain  - 
(PT5-PT55)  at  16,500  rpm 

Fuel  request  - speed  control 
1 count  = 4 Ib/hr 

Fuel  request  - temperature 
control,  1 count  = 4 lb /hr 

Mode  number 

3276  = speed  control 
6552  = temperature  control 
9828  = minimum  fuel  control 

Temperature  control  gain  - 
(PT3-PT3t>)  at  16,500  rpm 

Temperature  control  gain  - 
(T4WF-T45) 


(-131)  X 16 


(65) X 16 


lOOU  )b/hr 


(-343)  X 16 


(-87) X 16 


(74)  X 16 


2000  Ib/hr 


(-4)  X 16 


077 


KTF44 


(108)  X 1C 


Table  B-10.  Glossary  for  Equilibrium- Temperature 
Control  (Concluded) 


VT 

Number 


078 

081 

082 

083 

084 

085 

086 

087 

088 
089 


Trejisferred  to 
(Program  Label) 

Ijescription 

Standard  Value 
(Defined  in  the 
Bendix  Program) 

WTF4 

— 

2400  lb /hr 

— 

Nozzle  fuel  request 

— 

TBl 

T4&  at  8250  rpm 

10.200  “F  X 10 

TB2 

T45  at  11, 550  rpm 

9000  °F  X 10 

TB3 

T46  at  14, 025  rpm 

10,500  “F  X 10 

TB4 

T4b  at  16,500  rpm 

11,600  ®F  X 10 

P5T1 

PT56  at  8250  rpm 

1480  psi  X 100 

P5T2 

PT56  at  11,550  rpm 

1640  psi  X 100 

P5T3 

PT50  atl4,  025  rpm 

2050  psi  X 100 

P5T4 

PT50  at  18,500  rpm 

2550  psi  X 100 

— 

Fuel  request 

3.25  counts  = 1 Ib/hr 

— 
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Table  B«ll.  Honeywell  Control  Program 


//  JOB  VOISK  17  JUL  7A  15.584  HRS 

//  OMP  17  JOL  74  15.585  HRS 

•DELETE  HWECT  

DHP  FUNCTION  COMPLETED 

//  ASM  17  JUL  7A  15.586  HRS 

•OVERFLOW  SECTORS  ,,,9 

•LIST 

•XREF 

•ONEWORDINTEGERS  _ 

•COMMON  IDUMVI 127 ) , I vfoO. JDUMV I 1^7 1 . I BTO.MEASTt 64  I , lASCM ( 2 ) 


0000  O89850E3 

1 

ENT 

HWECT 

HWS00070 

0000  0 0000 

2 

HWECT  DC 

HWS00080 

0001  OL  6DQO050A 

3 

STX 

Ll  XRl+1 

HHSQOQOa 

A 

m 

HWSOOlOO 

0003  00  65000000 

5 

LD>L 

LI  0 

HW^OO  Ilf) 

0005  01  4C000007 

6 

B 

L TESTN 

HWS00120 

7 

KWS0016D 

8 

•INTERVAL 

C2TERMINATI0N 

HWS00170 

9 

HWSOOIBO 

0007 

10 

TESTN  EQU 

« 

HWS00190 

0007  0 C209 

11 

LO 

2 VT039 

0008  01  940000BC 

12 

S 

L =16 

OOOA  01  4C  2000 AO 

13 

BNZ 

MICK 

OOOC  0 0209 

14 

STO 

2 VT039 

0000  0 C2F4 

15 

LD 

2 VT012 

OOOE  0 1884 

16 

SRT 

A 

OOOF  01  D40000FC 

17 

STQ 

L KEFll 

0011  0 C2F3 

18 

LO 

2 VT013 

Dili  2.  ill  040001130  -. 

L9 

STD 

L_  W£f.l  

0014  0 C2F2 

20 

LO 

2 VT014 

0013  01  D4Q00108 

21 

STO 

L...  P3TI  . 

0017  0 C2F1 

22 

LD 

2 VT015 

0018  0 1884 

23 

SRT 

4 

0019  01  040''''0FF 

24 

STO 

L KEF14 

0018  , 0-  .C.2£i3  . . 

25 

LO. 

_ 2 VT0.16  

OOlC  0 1884 

26 

SRT 

4 

0010  01  .04000  L3_5.  _ 

21... 

i,IO 

L K6F21  . . 

OOIF  0 C2EF 

28 

LD 

2 VT017 

0020  01  04000139 

29 

STO 

L WEF2 

0022  0 C2EE 

30 

LD 

2 VT018 

0023  01  D4000141 

31 

STO 

L P3T2 

0025  0 C2ED 

32 

LO 

2 VT019 

0026  a 1884 

33 

SRT 

A 

0027  01  D400013B 

34 

STO 

L KEF24 

0029  0 C2EC 

35 

LO 

2 VT02O 

002 A 0 1884 

36 

SRT 

A 

002B  0 1 04000 16B 

37 

STO 

L KEF31 

0020  0 C2EB 

38 

Lb 

2 VT021 

002E  01  04000 16F 

39 

STO 

L W6F3 

0030  0 C2EA 

40 

LO 

2 VT022 

0031  01  04000177 

41 

STO 

L P3T3 

0033  0 C2E9 

42 

LO 

2 VT023 

0034  0 1884 

43 

SRT 

A 

0035  01  04000 16E 

44 

STO 

L KEF34 

0037  0 C2D8 

45 

LO 

2 VT040 

0038  0 1884 

46 

SRT 

A 

0039  01  040001A1 

47 

STO 

L KEF41 

0038  0 C2D7 

48 

1 0 

2 VT041 

003C  01  04000 1A5 

A9 

STO 

L HEF4 

003E  0 C2D6 

50 

LD 

2 VT042 
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Table  B-11.  Honeywell  Contx-ol  Program  (Continued) 

L7.  jyL_  page  002 


003F  01 
0041  0 

040001 AD 
C205 

51 

52 

STO 

LD 

L P3T4 
2 VT04’ 

0042  0 

0043  01 

0045  0 

0046  0 

1864 

040001*4 

'C204 

1684 

5i 

54 

55 

56 

SHT 

STO 

LD 

SRT 

4 

L KEF44 
2 VT044 
4 

0047  01 

04000103 

57 

STO 

L KTFll 

00  «9  0 

C203 

58 

LO 

2 W7045 

004*  0 

1664 

59 

SRT 

4 

004B  01 

04000 104 

60 

STO 

1 KTF12 

0040  0 

C2D2 

61 

LO 

2 VT04C. 

004E  0 

1864 

62 

SRT 

4 

004#  6 1 

04000105 

63 

STO 

L KTF13 

0051  0 

C201 

64 

LO 

2 V1047 

0052  0 

1864 

65 

SRT 

4 

0053  01 

04000 106 

66 

STO 

L KTFJ4 

0005  0 

C200 

67 

LO 

2 VT048 

0056  01 

04000 107 

68 

STO 

L WTFl 

0056  0 

C2C 

69 

L'O 

2 VT049 

OJ59  0 

1664 

70 

SRT 

4 

005*  01 

0400tlT3C 

7l 

STO 

L KTF21 

005C  0 

C2CE 

72 

LO 

2 VTOSO 

^050  D4000130 

73 

STO 

L KTFi2 

005F  0 

C2C3 

74 

LD 

2 WT061 

00'.  0 0 

1654 

75 

4 

0061  01 

04000 13E 

76 

STO 

L KTF23 

FUAi  0 

C2C2 

77 

Lo 

2 VT062 

0064  0 

1884 

76 

SRT 

4 

5565" 

o466crr3P 

74 

5Tb 

L^  K7?74 

0067  0 

C2C1 

80 

LO 

2 VT063 

0TS66  tJT  04000T<R) 

81 

Tfo 

“t  wTfS 

006*  0 

C2C0 

62 

LO 

2 VT064 

OOif  0 rBC4 

83 

56  T 

i 

006C  01 

04000172 

84 

STO 

L FTF31 

Tsweir 

~XSW 

65 

LO 

2“vT06T'  

006F  01 

04000173 

86 

STO 

L KTF32 

dOli  0 

L2bfc 

67 

LO 

00f2  0 

1864 

88 

SRT 

4 

OOT3  01  D4000TT4 

BT 

STO 

r"RTT37  

00  75  0 

C2B0 

90 

LC 

2 VT067 

“0070  0 

rS64 

91 

sirr 

4 * 

0077  01 

04000175 

92 

STO 

L KTF3<- 

“007VTT 

“T2FC 

93 

LD 

2 VTO40 

007*  01 

04000176 

94 

STO 

L WTF3 

0o7t  c 

C2S& 

95 

LO 

2 VT069  

or,  /D  0 \ 

0400C  1*6 

96 

STO 

L KTF41 

'007F  0 

C2B5 

97 

LO 

2 VT075 

0080  01 

040001*9 

98 

STO 

L RTF42 

"DTET  T) 

C2B'', 

99 

LO 

2"  VT076 

00  43  0 

1684 

100 

SRT 

4 

“ 0064  01 

04000  I A* 

101 

STO 

L KTF43 

0066  0 

C2Ba 

102 

LD 

2 VT077 

0067  0 

1684 

■0  3 

SRT 

4 

0086  01 

04000’ Ab 

104 

STO 

L «Ti-44 

008A  0 

C262 

10  5 

LO 

2 VT078 

C086  01 

D4uO,)lAC 

106 

STO 

L ‘JTF4 

OCBO 

C hOi.'OO  'jO 

10  7 

LD 

L 
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Table  B>11.  Honeywell  Control  Program  (Continued) 


i 


— 

— 

" - - ^ - 

- 

17  JUL  74 

PACE  003 

OOSE 

01 

040004 AC 

10  a 

STO 

L 

SMLAG 

0091 

01 

04000287 

109 

STO 

L 

TIME 

0093  01  04000 IFD 

0095  0 C2AE 

0096  01  D400010A 
0J98  0 


0099  01  04000143 
0096  0 C2AL 
009C  01  04000179 
009E  0 C2AB 
009F  01  040001AF 


00A2  01  04000109 
00A4  0 C2A9 
00A5  01  04000142 
00A7  0 C2AB 
OOAB  01  04000178 
OOAA  0 C2A7 
OOAB  01  04000 lAE 

00  AO 

OOAO  0 C21E 
00A6  0 900F 

OOAF  01  4C3000C1 
0061  0 GOOD 


0062  0 0008 

0063  0 COOC 

0064  0 0004 

00B5  0 C007 

0066  0 6553 

0067  01  4C000114 


STO  L ISM 


STO  L TBl 
LD  2 V 


STO  L T62 
ID  2 VT084 

STO  L TB3 

,_UJ_ a VTQ65 

STO  L TB4 
LD  2 


STO  L P5T1 


STO  L P5T2 
_ LD  2 VT088 

STO  L P5T3 

LO  2 VTQ89 

STO  L P5T4 
MICK  EQU  * 

LD  2 VT157 
S ■6250 


HWS00200 

tLWSOjOilO 

HMS00220 

HHS00230 


HWS00240 

■ HWSb0260 
HWS00270 
HW 500260 
HWS00290 


HWS00130 

MWS00140 

HWS00150 


OOBC  0 0010 

0060  0 0000 


OOBP  0 0001 


OOCO  0 

0080 

OOCl  0 C033 

0X2  0 

921E 

00C3  01  4C300OC 

0X5  0 

COSO 

OOC6  0 

00E4 

2 VT157 
TlWl 

•3 


HMS00  310 
HWS00320 
HWS00  330 


0X7  0 

C0F5 

LD 

■0 

HWS00350 

00C8  0 

DOFO 

153 

STO 

Cl 

HWS00360 

65CT’0 

C0F6 

154 

LC 

■128 

bOCA  0 

DOEF 

1 55 

STO 

C2 

HWS003X 

OXB  01  4C0001BO 

156 

B 

L IN3F 

HMS00  390 

OOCD  0 

C029 

157  TINl 

LD 

■ 11550 

HHS00400 

OXE  0 

92ir" 

l5  8 

s 

2 vnsT 

HWS0Q41O 

OOCF  oi 

4C 280006 

159 

BN 

TIN2 

HWS00420 

O OO  l 0 

168^' 

160 

SRT 

9 

0002  0 

A625 

161 

0 

■ 3300 

HWS00  440 

0003  0 

OOE5 

162 

STO 

Cl 

HWS00450 

0004  0 

COEB 

163 

LO 

-128 

0X5  0 

90E3 

164 

3 

Cl 

HWS00470 

172 
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PAGE 


0006  0 

00E3 

165 

STO 

C2 

0007  0 

C0E7 

166 

LO 

= 1 

0008  0 

D0E2 

167 

STO 

NIN 

0009  01 

ACOOOllA 

168 

B 

L 

INIF 

OOOB  0 

COlO 

169 

TIN2 

LD 

=14025 

OOOC  0 

921E 

170 

S 

2 

VT157 

0000  01 

AC2800E9 

171 

BN 

T1N3 

OOOF  0 

1889 

172 

SRT 

9 

OOEO  0 

A819 

173 

0 

=2475 

OOEl  0 

0007 

174 

STO 

Cl 

cfor2“o" 

XODO  ■ 

175 

LO 

= 128 

00E3  0 

90DS 

176 

S 

Cl 

OOEA  0 

0008 

^77 

STO 

C2 

OOE5  0 

C015 

178 

LO 

= 2 

00E6  0 

OOOA 

179 

STO 

NIN 

00E7  01 

4C00014A 

iSO 

B 

L 

1N2F 

OOEO  0 

COOB 

181 

TIN3 

LO 

=16500 

OOEA  0 

921E 

182 

S 

2 

VT157 

OOEB  0 

1869 

183 

SRT 

9 

00  EC  0 

A800 

184 

D 

= 2475 

OOEO  0 

DOCB 

185 

STO 

Cl 

OOEE  0 

cool 

186 

LO 

= 128 

OOEF  0 

90C9 

187 

S 

Cl 

OOFO  0 OOC9 

188 

STO 

C2 

OOFl  0 

C004 

189 

LO 

= 3 

OOF2  0 

OOC8 

190 

STO 

NIN 

00F3  01 

4C  000180 

191 

B 

L 

1N3F 

192 

LORG 

OOF5  0 

4074 

193 

OC 

16500 

00F6  0 

0003 

194 

+ 

OC 

3 

OOFT  0 

iOlE 

195 

OC 

11550 

OOFB  0 

0CE4 

196 

OC 

3300 

OOFO  0 

36C9 

197 

+ 

OC 

14025 

OOFA  0 

09AB 

198 

OC 

2475 

OOFB  0 

0002 

199 

+ 

DC 

2 

200 

tQULIBRIUM 

&0  GAINS 


OOFCT 

OUOO — 

■ ^ 

REFll 

OC 

■ 6^ 

OOFD  0 

0000 

202 

KEF12 

□C 

0 

OOFE  0 

t)000 

20  3 

KEF13 

OC 

0 

00 FF  n 

0000 

204 

K6F14 

OC 

*-* 

oTocr  c"' 

0000 

205 

MEFl 

OC 

0101  0 

0A91 

206 

P3EI 

OC 

2 705 

“OTOTir 

0661 

20  7 

P5E1 

OC 

1633 

208 

TEMPERATURE 

0103  0 

0000 

209 

KTFll 

OC 

0104  0 

0000 

210 

KTF12 

nc 

0105  0 

0000 

211 

KTF13 

OC 

0106  0 

0000 

212 

KTH4 

OC 

*-♦ 

6 lot  0 ” 

o 

o 

o 

o 

HTFl 

oC 

ttw» 

0108  0 

oooo 

214 

P3TI 

DC 

0109  0 

oooo 

215 

P5T1 

OC 

OlOA  0 

0000 

216 

TBl 

OC 

*-* 

OlOB  0 

028A 

217 

MFRNl 

OC 

650 

OlOC  0 

0001 

218 

BUMPl 

OC 

1 

0100  0 

oooo 

219 

SETXl 

OC 

0 

OlOE  0 

0010 

220 

NGFT 

OC 

16 

OlOF  0 

oooo 

221 

Cll 

OC 

17  3 


00  A 


HWS0OA8O 

HHS00A90 

HWS00500 

HWS00510 

HHS00520 

HWS00530 

HHS005AO 

HV^S00560 

HWS00570 

HW5Q05“0 

HWS00600 

HWS00610 

HWS00620 

HWS00630 

HWS006AO 

HWS00650 

HWS006  10 
HWS00680 

HWS00700 

HW$00710 

HHSn07z6 

HWS00730 

HWS00740 

HWS00750 


HWS00760 


HWS009Zn 


HWS009_8Q 

HWS60990 


HWSO  10  10 
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0110 

0 

0000 

222 

C21 

DC 

HW  SO  1020 

01  n 

0 

0000 

223 

TSTl 

OC 

HWSO 1060 

0112 

0000 

226 

SUMl 

BSS 

E 0 

0112 

0 

0000 

225 

OC 

0 

0113 

0 

0000 

226 

OC 

0 

0114 

ZZ2 

IM  F 

FQU 

Hwsnioso 

0U4 

01 

C60000B9 

22  B 

LO 

L Cl 

HWSO  10  60 

0116 

0 

OOF8 

229 

STO 

cu 

HWSD10  7D 

0117 

01 

C60000BA 

230 

LO 

L C2 

HWSO  1080 

0119 

0 

D0F6 

2 31 

STO 

C21 

_HWSC1090 

OllA 

01 

C600010D 

232 

LO 

L SETXl 

HWSO  1100  . 

one 

0 

00F6 

2 33 

STQ 

TSTl 

HWSO 11 in 

OllD 

01 

65300111 

236 

LUPl 

LOX 

11  TSTl 

HWS01120 

OllP 

01 

C50000FC 

235 

LO 

LI  KEFll 

HWSO  11  30 

0121 

0 

AOED 

236 

H 

Cll 

HWSO  1160 

0122 

0 

D8EF 

2 37 

STO 

SUHl 

0123 

01 

C5000135 

238 

LO 

LI  KEF21 

HWSO  11  70 

0125 

0 

AOEA 

2 39 

M 

C21 

HWSO  11 80 

0126 

0 

88EB 

260 

AO 

SUMl 

0127 

0 

1887 

261 

SRT 

7 

0128 

0 

1090 

262 

SLT 

16 

0129 

01 

05000606 

263 

STO 

ll  KEFNl 

HWSO 1220 

0128 

0 

COES 

266 

LO 

TSTl 

HWS01230 

01 2C 

01 

86000  IOC 

265 

A 

L BUMPl 

HWS01260 

012E 

0 

OOE2 

266 

STO 

TSTl 

HWS01250 

012F 

01 

9600Q10E 

267 

S 

L NCFT 

HWS01260 

0131 

01 

6C 280 110 

268 

BN 

LUPl 

HWS01270 

0133 

01 

6C0001B1 

269 

B 

L FUELM 

..HWSfiLl2.se- 

250 

¥ 

EQUILIBRIUM 

FUEL 

FLOW 

70 

GAINS 

HWS01290 

0135 

0 

0000 

251 

KEF21 

DC 

0136 

0 

0000 

25  2 

KEF22 

OC 

0 

0137 

0 

0000 

253 

KEF23 

OC 

0 

0138 

0 

oouo 

256 

KEF26 

OC 

0139 

0 

0000 

2 55 

WEF2 

OC 

013A 

0 

1109 

256 

P3E2 

OC 

6361 

01  3B 

0 

0765 

257 

P5E2 

OC 

1893 

25  B 

* 

TEMPERATURE 

FUEL 

FLOW 

70 

GAINS 

HWSO 1650 

013C 

0 

0000 

2 59 

KTF21 

DC 

0130 

0 

0000 

260 

KTF22 

OC 

013E 

0 

0000 

261 

KTF23 

OC 

013F 

0 

0000 

262 

KTF26 

OC 

0140 

0 

0000 

263 

WTF2 

OC 

0161 

0 

0000 

266 

P3T2 

OC 

0162 

0 

0000 

265 

P5T2 

OC 

0163 

0 

0000 

266 

TB2 

DC 

0166 

0 

0672 

267 

WFHN2 

OC 

1138 

0 165 

0 

0000 

26  8 

C12 

DC 

HWS01510 

0166 

0 

0000 

269 

C22 

DC 

*•* 

HWSO 1520 

0167 

6 

0000 

270 

TST2 

OC 

HWSO  1560 

0168 

0000 

271 

SUM2 

BSS 

E 0 

0168 

0 

0000 

27  2 

OC 

0 

0169 

0 

0000 

273 

OC 

0 

016A 

276 

1N2F 

EQU 

« 

HWSO  1550 

016A 

01 

C60000B9 

2 75 

LO 

L Cl 

HW&0156O 

016C 

0 

DOF  8 

276 

STO 

C12 

HWSO 1570 

0160 

01 

C60000BA 

277 

LO 

L C2 

HWS01580 

016F 

0 

00F6 

27  8 

CTO 

C22 

HWSO  1590 

174 
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_PAGE  .006 

0150  01 

CAOOOibD 

279 

LD 

L 

SETXl 

HWS01600 

0152  0 

D0F4 

280 

STO 

TST2 

HWS01610 

0153  01 

65800147 

281 

LUP2 

LOX 

11 

TST2 

HWS01620 

0155  01 

C500013S 

282 

LO 

LI 

KEF21 

HWS01630 

0157  0 

AOED 

28  3 

H 

C12 

HWS01640 

0158  0 

08EF 

284 

STO 

SUH2 

' 

0159  01 

C 5000 168 

285 

LD 

LI 

KEF31 

H- 'SO  1670 

0158  0 

AOCA 

286 

M 

C22 

HWS0168U 

015C  0 

88EB 

287 

AD 

SUH2 

01  5D  0 

1887 

288 

SRT 

7 

015E  0 

1090 

289 

SLT 

16 

OISF  01 

05000406 

290 

STO 

LI 

KEFNl 

HMS01720 

0161  0 

COES 

291 

LO 

TST2 

HWS01730 

0162  01 

84000  IOC 

292 

A 

L 

BUMPl 

HWSOl  /40 

0166  0 

00E2 

29  3 

STO 

TST2 

HWS01750 

0165  01 

94000 lOE 

294 

S 

L 

NCFT 

HWS01760 

0167  01 

4C280153 

295 

BN 

LUP2 

HWS01770 

0169  01 

4C0001B1 

296 

B 

L 

FUELM 

HUS01760 

297 

EOUILIBRIUK 

FUEL 

FLOW 

85  GAINS 

HWS01790 

C .6B  0 

0000 

29a 

KEF31 

oc 

016C  0 

0000 

299 

KEF32 

DC 

0 

( 160  0 

0000 

300 

KEF33 

oc 

0 

016e  0 

0000 

301 

KEF34 

0£ 

*-* 

016F  0 

0000 

302 

WEF3 

OC 

0170^ 

isn 

303 

>165 

DC 

6l61 

0171  0 

08C3 

304 

P5E3 

OC 

2243 

305 

TEMPERATURE 

FUEL 

FLOW 

856AINS 

HWS019S0 

0172  0 

0000 

306 

KTF31 

OC 

01V3  0 

ooOo 

Ho  7 

KTF32 

DC 

0174  0 

0000 

308 

KYF33 

DC 

0175  0 

0000 

309 

KTF34 

OC 

0176  0 

oooo 

310 

HTF3 

DC 

Oiff  0 

0000 

311 

~F3T3 

OC" 

♦-* 

0178  0 

0000 

312 

P5T3 

OC 

0i?9  0 

0000 

313 

“TB3 

oC 

01  7A  0 

0659 

314 

MFNN3 

OC 

1625 

"OTTir  0~ 

0000 

31 5 

C13 

♦ 

MMS02010 

017C  0 

0000 

316 

C23 

DC 

HWS020 20 

T)  I7D  0 

0000 

TST3  DC 

HNSOEOAff 

01 7E 

0000 

316 

SUM3 

BSS 

E 

0 

017E  0 

0000 

UT 

0 

01 7F  0 

0000 

320 

OC 

0 

trTBTJ 

3Z I 

Biiiyi 

• 

0180  01 

C40000B9 

322 

LD 

L 

Cl 

HWS02060 

0182  0 

OOFS 

■373 

STO 

CIS 

HWS0  20  70 

0183  01 

C40000BA 

324 

LO 

L 

C2 

HWS02080 

0185  0 

OOF6  “ 

i-2  5 

STO 

C23 

HWS02090 

0186  01 

C400010D 

326 

LO 

L 

SETXl 

HWS02100 

0 1B0  0 

noF« 

3Z  7 

"STD- 

TSTT 

0189  01 

65800170 

328 

LUP3 

LDX 

11 

TST3 

HWS02120 

0188  01  C500016B 

329 

LO 

LI 

KEFir 

HWS02130 

0180  0 

AOED 

3 30 

M 

C13 

HWS02140 

018c  0 

D8EF 

331 

STO 

SUM  3 

018F  01 

C50001A1 

332 

LO 

LI 

KEF41 

HWS02170 

0191  0 

AOEA 

333 

M 

C23 

HUSO 2 180 

0192  0 

S8EB 

334 

AO 

SUM3 

0193  0 

1887 

335 

SRT 

7 

175 
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om  0 

1090 

336 

SLT 

16 

019$  01 

D5Q00406 

337 

STO 

LI  KEFNl 

moiiafi. 

0197  0 

COES 

338 

LO 

TST3 

HW  SO  22  30 

C198  01 

84000  IOC 

3 39 

A 

L BUMPA 

HMSQ22M 

019A  0 

00E2 

340 

STO 

TST3 

HHS02250 

019B  01 

94000 lOE 

341 

S 

L NGFT 

HHS02260 

019D  01 

4C280189 

342 

BN 

LUP3 

HWS02270 

019F  01 

4C0001B1 

343 

B 

L FUELM 

HH  SO  2280 

344 

EUUlLlBftlUH  FUEL 

FLOW 

100 

GAINS 

HHS02290 

OlAl  0 

0000 

345 

KEF41 

PC 

«-« 

01A2  0 

0000 

346 

KEF42 

OC 

0 

warn 

0 

OlAA  0 

0000 

348 

KEF44 

OC 

01A5  0 

0000 

349 

WEF4 

DC 

01A6  0 

277E 

350 

P3E4 

OC 

10110 

01A7  0 

0F94 

351 

-P5.E4 

OC 

3986...  . 



352 

TEMPERATURE  FUEL 

FLOW 

ibo 

GAINS 

HUSO  2450 

01A8  0 

OJJQfi 

3 S3 

KTF41 

DC 

01A9  C 

0000 

a54 

KTF42 

DC 

OlAA  0 

0000 

3 55 

KTF43 

OC 

OlAB  0 

0000 

356 

KTF44 

be 

OlAC  0 

0000 

357 

WTF4 

OC 

OlAO  0 

0000 

358 

P3T4 

OC 

OlAE  0 

0000 

3 59 

P5T4 

OC 

OlAF  0 

0000 

360 

TB4 

DC 

«-» 

OIBO  0 

0CB2 

361 

HFHN4 

DC 

3250 

OlBl 

362 

FUELK 

EQU 

* 

HMS02510 

0161 

363 

FT4M 

EOU 

0161  0 

C29A 

364 

LO 

2 VT102 

a 

< 

o 

PBXIOO 

01B2  0 

9032 

365 

S 

-5850 

01B3  01 

4C3001C0 

366 

BP 

NEXT 

01B5  0 

COSO 

367 

LO 

-1553 

01B6  0 

A030 

368 

H 

-100 

0167  01 

DC0001F2 

369 

STO 

L TMPF 

01B9  0 

C29A 

370 

LO 

2 VT102 

01  BA  0 

A020 

371 

M 

-6 

OIBB  01 

8C0001F2 

372 

AO 

L TMPF 

016D  0 

A82B 

373 

0 

•34BQ 

OIBF  01 

04000 • F B 

374 

STO 

L Rl THO 

OtCO  0 

C29A 

375  _ 

Lfi  . 

2.yii02. 

Old  0 

A028 

376 

M 

-200 

01C2  01  0C0001F2 

377 

STD 

L TMPF 

OICA  0 

C026 

378 

1,0 

-15100 

01C6  0 

A021 

379 

M 

-100 

01C6  01 

9C0001F2 

380 

SO 

L TMPF 

oice  0 

AB20 

361 

0 

-3400 

01C9  01 

04000 IFC 

382 

STQ 

L TAU2T 

01C6  01 

4C000  IE  3 

383 

B 

L FT4WC 

OICD  0 

COIE 

384 

NfcjTT' 

LO 

-2202 

OICE  0 

AO  19 

385 

M 

-100 

OICF  01 

OCOOOIF2 

386 

STO 

L TMPF 

0101  0 

C29A 

387 

LO 

2 VT102 

01D2  0 

AOIA 

38 

M 

■4 

0103  01 

8C  000  IF  2 

389 

AD 

L TMPF 

0105  0 

A81B 

390 

D 

-4350 

0106  01 

04000  IF B 

391 

STO 

L KITHO 

noB  0 

C29A 

392 

LD 

2 VT102 

176 


02 OE  01  C40000BO 
OZlO  0 1890 

0211  0 C29F 

0212  0 1890 

0213  0 98E0 



0215  0 AOOl 

0216  0 A8E5 


STP2  LO 
SRT 


TP3 
L -0 
16 

2 VT097 
16 



kTthd 

-100 

TAU2T 
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0217  0 

*069 

*50 

M 

«10 

0218  0 

0800 

*51 

STO 

XT*0 

0219  0 

C8DC 

*52 

STP3 

LOO 

XT*D  **♦  UPDATE  D E **♦ 

0Z1A.J) 

8800 

*53 

m 

JiT*Ill . 

0218  0 

*866 

*5* 

0 

■50 

02 1C  01 

*55 

M 

L DT 

021E  0 

*86* 

*56 

0 

■*0 

02 IF  0 

1890 

*57 

5RT 

16 

0220  0 

8803 

*58 

AD 

XT* 

0221  0 

0802 

*59 

STO 

XT* 

0222  0 

0280 

*60 

STO 

2 VT080  MOST  SIGNIFICANT  PART 

1090 

*61 

SLT 

16  OF  XT* 

022  9 0 

02*6 

*62 

STO 

2 VT090  LEAST  SIGNIFICANT  PART 

0225  0 

C800 

*63 

LOO 

XT*0 

0226  0 

0801 

*6* 

STO 

XT*D1  •••  CALCULATE  T*WF 

0227  0 

*899 

♦65 

0 

■10 

0228  0 

*003 

*66 

M 

TAU2T 

0229  0 

68CA 

*67 

XT* 

022*  0 

1090 

^8 

SLT 

16 

022B  0 

OOCE 

*69 

STO 

T*WF 

022C  0 

02*C 

*70 

STO 

2 VT203 

0220  0 

C209 

*71 

LO 

2 VT039 

HWSft2S20. 

022  E 0 

9055 

aSM 

S 

■6* 

HHS02S30 

RTl 

8N2 

H0N9 

0231  0 

0209 

*7* 

STO 

2 WT039 

02  32  0 

C20C 

*75 

2 VT035 

HMS0255D 

0233  0 

0058 

*76 

STO 

ENK 

023*  01  *C 100238 

*77 

mt 

SENL 

0236  0 

C0*E 

*78 

ID 

■0 

Efn 

__S 

ENK  _ 

0238  0 

0057 

*80 

SENL 

STO 

ENKL 

ojii.?. 

C2DB 

*81 

10 

2 VT037 

HWS02570 

023*  0 

188* 

*82 

SRT 

* 

J0«e-SL. 

0055 

^•9. 

STO 

ENt 

023C  01 

*C 1002*0 

*8* 

BNN 

SEPL 

02  3E  0 

C0*6 

*85 

LO 

•0 

023F  C 

905l 

«#86 

S 

EPR 

02*0  0 

0051 

*87 

SEPC 

STO 

EPRL 

02*1  0 

C20* 

*88 

LD 

2 VT038 

HNS02590 

02*2  01 

0*000293 

*89 

STO 

1 ETK 

02**  01 

*C  1002*9 

*90 

BNN 

SETL 

02*6  0 

C03E 

*91 

LO 

■0 

02*7  01 

9*000293 

*92 

S 

i eTk 

02*9  01 

0*00029* 

*93 

SETL 

STU 

L ETKl 

02*B 

*9* 

M0W9 

EOU 

4 

HWSC261C) 

*95 

* 

MWS026^ 

*96 

4 

HWS02630 

*97 

* 

HWS026*0 

*98 

« 

HWS02650 

*99 

4 

fHIS  SECTION  Of  the  program 

HWS02660 

500 

* 

WILL  SET  UP  THE  MEASUREMENT  FEED-BACK 

HNS02670 

501 

* 

VECTOR 

FOR  THE  THREE  CONTROLLERS 

.HWSS26J90  . 

502 

4 

EOUII.I 

BP lUM, PRESSURE, temperature 

HWS02690 

503 

4 

HWS02700 

50* 

4 

HWS02710 

505 

4 

HWS027Z0 

506 

* c* 

I.CULATE  DERIVATIVES  FOR  EN  EP  ET 

HWS02730 

178 
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507 

4> 

HMS02740 

02  4B  0 

C201 

508 

ID 

2 VT128 

HHS02750 

024C  0 

921E 

509 

S 

2 VT157 

HWS02760 

02  4C  0 

003  A 

510 

STO 

ENDK 

HWS02770 

024E  01 

C4000412 

511 

LD 

L P3TNB 

02  50  0 

929A 

512 

S 

2 VT102 

0251  0 

003  8 

513 

STO 

EPDK 

HWS02840 

0252  01 

C4000414 

514 

LO 

L TBBN  **♦  CALCULATE  ETDOT 

02.54  0 

90A5 

315 

S 

T4NF 

02  55  01 

04000280 

516 

STQ 

L ETDK 

0257  0 

C02F 

517 

LO 

TINE 

HUS02900 

02  58  01 

40  200  295 

518 

8NZ 

iKtTEG 

HWS02910 

025A  01 

C400046A 

519 

LO 

L ONE 

02  5C  0 

0286 

520 

STO 

2 WT074 

0250  0 

C02A 

521 

LO 

ENOK 

HUSO  2920 

02  SE  0 

002A 

522 

STO 

ENOKl 

HWS02930 

025F  0 

C02A 

52  3 

LD 

EPOK 

HWS02940 

0260  0 

DO  2 A 

524 

STO 

EPDKl 

HWS02950 

“ff^l  0 

ro2A'  ' ■ 

525 

LO 

ETBk 

HWS02960 

02  62  0 

002A 

526 

STQ 

ETOKl 

HWS02970 

0263  0 

0200 

527 

LD 

2 v7636' 

HWS02980 

02  64  0 

DO  2 A 

528 

STO 

ENK 

HWS02990 

0265  01 

4C 100269 

529 

BNh 

GTENL 

0267  0 

0010 

5 30 

LO 

•0 

026lS~0 

902'6" 

531'’' 

■ ■ ■ “'T~ 

■"  ■ 

02  69  0 

0026 

532 

STENL  STO 

ENKL'i^ 

026A  0 

0200 

533 

LD 

2 VT037 

HWS0  30  10 

02  6B  0 

1884 

634 

SR  7 

4 

02K  0 

0024 

535 

STO 

EPK 

HWS03030 

02  60  01 

4C100271 

536 

BNN 

STEPL 

026F  0 

C015 

537 

LO 

*0 

0270  0 

9020 

538 

S 

EPA 

02"71  "5 

0020 

539 

STEPL  STO 

EPKL 

02  72  0 

C2DA 

540 

Lb 

2 VT038 

HUSO  30  SO 

0273  01 

04000293 

541 

STO 

L ETK 

0215  01 

4C  i 00  27 A 

542 

8NN 

STETL 

0277  0 COOD 

543 

LO 

«0 

0278  01 

94000293 

544 

S 

L ETK 

027a  01 

0400029‘. 

545 

STETL  STO 

L ETKL 

02  7C  0 

C009 

546 

LO 

HMS0  30  80 

0270  0 

DOO? 

547 

STO 

TIKE ■ ■ " 

HW  SO  30  90 

Oi  ?E  01 

4C000295 

548 

B 

L INI  EG 

54V 

LORG^ 

HWSb31lb 

0280  0 

0402 

550 

♦ OC 

1234 

0281  0 

OOCA 

551 

♦ OC 

lo 

02  82  0 

003  2 

552 

+ OC 

50 

0283  C 

0028  ■ 

553 

♦ OC 

40 

02  84  0 

0040 

554 

♦ OC 

64 

0000 

555 

+ DC 

c 

0286  0 

0001 

5 56 

* OC 

1 

55  7 

♦generate 

EN  EP  ET 

HHS03120 

0267  0 

0000 

158 

TINE  OC 

0 

0288  0 

oooO 

559 

ENOK  CC 

*-* 

HHS03140 

0289  0 

0000 

560 

INDKl  OC 

HWS03150 

028A  0 

0000 

561 

EPDK  OC 

HWS0  3160 

02  88  0 

0000 

562 

EPDM  OC 

HWS0  31T0 

02SC  U 

oooo 

563 

ETUK  OC 

HHS031B0 

17  3 


Table  B-11 


. Honeywell  Control  Program  (Continued) 

17  JUL  74  PAGE  Oil 


028D 

0 

0000 

564 

ETDKl 

OC 

HHS03190 

02  8E 

0 

OOOF 

565 

OT 

OC 

15 

HWS03200 

028F 

0 

0000 

566 

ENK 

DC 

HWS03210 

0290 

0 

0000 

567 

INKU 

OC 

HWS03220 

0291 

0 

0000 

568 

EPK 

OC 

HMS0  3230 

02  92 

0 

0000 

569 

EPKL 

Of. 

HWS03240 

0293 

0 

0000 

570 

ETK 

OC 

HUSO  32  50 

02  94 

0 

0000 

571 

ETKL 

DC 

HWS03260 

572 

HUSO  3280 

02  95 

573 

INTEG 

EQU 

HWS03290 

574 

* 

calculate 

EN 

HUSO  3300 

02  95 

0 

C0F2 

575 

LD 

ENOK 

0295 

0 

S0F2 

576 

A 

ENOKl 

02  97 

0 

A0F6 

577 

H 

AT. 

0298 

0 

1083 

578 

SLT 

3 

02  99 

0 

A84F 

579 

0 

•375.. 

029A 

0 

80r4 

580 

A 

ENK 

HUSO  3400 

02  98 

0 

00F3 

581 

STQ_ 

ENK 

HUSO  3410 

029C 

0 

C2B6 

582 

LO 

2 

WTO  74 

02  90 

01 

9400046A 

583 

S 

L 

ONE 

029F 

01 

4C1802A3 

584 

BZ 

NHl 

02A1 

0 

C0E3 

585 

LO 

■A  - . 

02A2 

0 

OOEC 

586 

STO 

ENK 

587 

« 

CALCULATE 

HUSO  3420 

588 

calculate 

et 

HUS03510 

02  A3 

01 

C400028C 

589 

NMl 

LO 

L 

ETOK 

02A5 

01 

84000280 

590 

A 

L 

EtOKl 

02  A7 

01 

A400028E 

591 

M 

L 

OT 

02A9 

0 

1084 

592 

SLT 

4 

SCALE  FACTOR 

16 

02  AA 

0 

A83F 

593 

0 

■1500 

02A8 

0 

60E7 

594 

A 

ETK 

02  AC 

0 

00E6 

595 

STO 

ETK 

02A0 

0 

C286 

596 

LO 

2 

WTO  74 

02AE 

01 

94000468 

597 

S 

L 

TWO 

0280 

01 

40180284 

598 

BZ 

NH2 

02  82 

0 

C002 

599 

LO 

•0 

0283 

0 

OOOF 

600 

STO 

ETK 

601 

♦ 

2T 

O 

X 

EN  EP  ET 

HUSO 3600 

0284 

0 

COOA 

602 

NM2 

LO 

ENK 

02  85 

01 

4C2802BE 

603 

BN 

MNl 

HHS036JP... 

0287 

0 

9008 

604 

S 

ENKL 

HUSO  3630 

02  88 

01 

4C0802C5 

605 

BNP 

MW2 

HUSO  3640 

02BA 

0 

CODS 

606 

LD 

ENKL 

HUS03650 

02  88 

0 

0003 

607 

STO 

ENK 

HM503660 

028C 

01 

4C0002CS 

608 

B 

L 

MW2 

HUSO  3670 

02  BE 

609 

MHl 

EQU 

n> 

HWS036e0 

02BE 

0 

CODO 

610 

LO 

ENK 

HUSO  3690 

02  8F 

0 

8000 

611 

A 

ENKL 

HUSO  3 700 

02C0 

01 

4C3002C5 

612 

BP 

MW  2 

HUS03710 

02C2 

0 

C0C2 

613 

LD 

■0 

HUSO 3 720 

02C3 

0 

90CC 

614 

S 

ENKL 

HUS03730 

02C4 

0 

DOC  A 

615 

STO 

ENK 

HUSO  3 740 

0?C5 

616 

HW2 

EQU 

* 

HUS03750 

02C5 

0 

COCB 

617 

LO 

EPK 

HUSO  3 760 

02C6 

01 

4C2802CF 

618 

BN 

HW3 

HUSO  3770 

02C8 

0 

90C9 

619 

S 

epkl 

HWS03780 

02C9 

01 

4CCQC2D6 

620 

BNP 

NW4 

HUSO  3790 
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02CB  0 

C0C6 

621 

LO 

EPKL 

HWS03800 

-02CC  0 

00£4 

6 22 

STO 

EPK 

HWS03610 

02CD  01 

4C0002D6 

62  3 

6 

L 

HW4 

HWS03820 

02CF 

624 

HW3 

EQU 

* 

HWS03B30 

02CF  0 

625 

LD 

EPK 

HUSO 3840 

0200  Q 



626 

A 

EPKL 

Hwsosaso 

0201  01 

4C300206 

627 

BP 

NW4 

HWS03860 

0203  0 

COBl 

626 

LO 

»0 

HUSQ3870 

0204  0 

9060 

629 

S 

EPKL 

M"j03860 

02  05  0 

DO  66 

630 

STO 

EPK 

HWS03890 

0206 

631 

MU4 

EOU 

♦ 

HWS03900 

02  06  0 

C06C 

632 

LO 

ETK 

HWS039 10 

0207  01 

4C2B02E0 

633 

BN 

MU5 

HWS03920 

02  09  0 

90  6A 

634 

S 

ETKL 

HWS03930 

020A  01 

4C0802EB 

635 

BNP 

MW6 

HWS03940 

020C  0 

C067 

636 

LO 

ETKL 

HHS03950 

0200  0 

0065 

637 

STO 

ETK 

HWS03960 

020E  01 

4C0002EB 

6 38 

6 

L 

MU6 

HWS03970 

02E0 

639 

MW5 

EOU 

* 

HWS03980 

02  EO  0 

C0B2 

640 

LO 

ETK 

HWS03990 

02E1  0 

8062 

641 

A 

ETKL 

HMS04000 

02E2  01 

4C3002EB 

642 

BP 

NH6 

HWS04010 

02E4  0 

COAO 

643 

LD 

=0 

HWS04020 

02  E5  0 

90  AE 

644 

S 

ETKL 

HWS040  30 

02E6  0 

00  AC 

645 

STD 

ETK 

HWS04040 

02E7  01 

4C0002EB 

646 

B 

L 

MM6 

HWS040  50 

647 

LORG 

HWS04060 

02  6 9 0 

0177 

648 

DC 

3 75 

02CA  0 

bsoc 

649 

4- 

OC 

1500 

6 50 

♦ 

AGE  DERIVATIVES 

HHS040  70 

0266 

651 

HW6 

EOU 

* 

HM  SO  40  80 

02  66  01 

C4000288 

6 52 

LO 

L 

ENOK 

HWS04090 

OUB  01 

D4060?8'9 

65  3 

STO 

L 

ENOKl 

HWS04100 

02EF  01 

C400028A 

654 

LO 

L 

EPDK 

HMS04110 

02F1  Ol 

0400028B 

655 

STO 

L 

EPOKl 

HW SO 61 20 

02  F3  01 

C400026C 

6 56 

LO 

L 

ETDK 

HWS0413O 

01 

DA0002d0 

b^T 

■5T0 

L 

ETCTkT 

HHS04140 

656 

* 

HWS04150 

659 

* 

interpolate  For  PT3  and  PT5 

HWS04160 

660 

AS  A FUNCTION  OF  PLA 

HWS04170 

02FT 

661 

PLA 

EOU 

02  FT  0 

C066 

662 

LO 

NPLl 

HWS04180 

02F8  0 

9201 

66  3 

S 

2 

VT128 

HWS04190 

02F9  01 

4C  260  309 

664 

BN 

MDWl 

HHS04200 

02FB  01 

C4000101 

665 

LO 

L 

P3E1 

HWS04210 

02FD  01 

04000406 

666 

STO 

L 

P3PL 

HW SO 42 20 

02FF  01 

C4000162 

667 

LO 

L 

P5EI 

HWS042  30 

0301  01 

D400040C 

668 

STO 

L 

P5PL 

HW  SO  42  40 

0363  oT 

C4000100 

669 

LO 

L 

WE  F I 

HW  SO  42  50 

0305  01 

0400040A 

6 70 

STO 

L 

WEFN 

HW  SO  42  60 

0307  01 

4C0003A7 

671 

B 

L 

N0H6 

HWS04270 

0309  0 

C057 

6 72 

HDWl 

LO 

NPL4 

HWS04280 

030  A 0 

9201 

673 

S 

2 

VT126 

HWS04290 

0306  01 

4C300318 

6 74 

BP 

MDH2 

HW SO 4 300 

0300  01 

C40001A6 

675 

LD 

L 

P3E4 

HWS04310 

030F  01 

0400040B 

6 76 

STO 

L 

P3PL 

HWS04320 

0311  01 

C40001A7 

677 

LD 

L 

P5E4 

HWS04330 

181 


r 


0313  01 

D400040C 

678 

STO 

L 

P5PL 

HWS04340 

0315  01  C40001A5 

679 

LD 

L 

MEF4 

MW5D435& 

0317  01 

D400040A 

680 

STO 

L 

MEFN 

HUSO  4360 

0319  01  4C0003A7 

681 

A 

1 

M0y6  

- HMS04370 

031B  01 

C400035F 

682 

MOM2 

LO 

L 

NPL2 

HHS04380 

0310  0 

9701 

683 

2 

VT128 

031E  01 

4C28033E 

684 

8N 

M0H3 

HUSO  4400 

0320  0 

1889 

685 

SRT 

9 

0321  0 

A81A 

686 

0 

-3300 

HUSO  4420 

0322  0 

003  F 

687 

STO 

CXI 

■HMSQ  4.430 

0323  0 

C019 

688 

LO 

-128 

0324  0 

9030 

689 

S 

CXI 

0325  0 

0030 

690 

STO 

CX2 

HMS04460 

0326  01 

C4000101 

691 

LO 

L 

P3E1 

HWSQ447P 

0328  0 

0038 

STO 

P3L 

HHS04480 

0329  01 

C400013A 

LO 

L 

P3E2 

HWS04490 

0328  0 

0039 

694 

STO 

P38 

HUS04500 

032C  01 

C4000102 

695 

LO 

L 

P5E1 

HUS04510 

032E  0 

0037 

696 

STO 

P5L 

HUS04520 

032F  01 

C4000138 

697 

LO 

L 

P5E2 

0331  0 

0035 

698 

STO 

P5R 

HHS04540 

0332  01 

C4000100 

699 

LO 

L 

HEFl 

HUS04550 

0334  01 

04000368 

700 

STO 

L 

HEFL 

HUS04S60 

■7T1 

1 

HEF2 

0338  01 

04000369 

702 

STO 

L 

MEFM 

HUS04580 

033A  01 

703 

8 

1 

704 

tORG 

HUSO  4600 

033C  0 

0CE4 

705 

♦ 

DC 

3300 

0330  0 

0080 

706 

DC 

128 

7Q7 

HCnTEl 

LO 

—KTR  1 1 II  1 

033  T 0 

9201 

708 

S 

2 

VT12B 

HMS04620 

US 

NDH4 

UMSD.463Q  . 

0342  0 

1889 

710 

SRT 

9 

0343  0 

A862 

711 

0 

-2475 

HMS046S0 

0344  0 

0010 

712 

STO 

CXI 

HUSO 4660 

0345  0 

C0F7 

713 

LO 

-128 

0346  0 

9018 

714 

S 

CXI 

HUSO 4680 

0347  0 

0018 

715 

STO 

CX2 

HHS04690 

0348  01 

C400013A 

716 

LD 

L 

P3E2 

HUSO  4700 

034A  0 

0019 

717 

STO 

P3L 

HHS04710 

0348  01 

C4000178 

718 

LD 

L 

P3E3 

HWS04720 

0340  0 

0017 

719 

STO 

P3N 

HWS04730 

034E  01 

C400013B 

720 

LO 

L 

P5E2 

HUS04740 

0350  0 

0015 

721 

STO 

P5L 

HWS04750 

0351  01 

C4000171 

722 

LD 

L 

P5E3 

HUS04760 

0353  0 

0013 

733 

STO 

P5R 

HHS04770 

0354  01 

C4000139 

724 

LO 

L 

HEF2 

HUS04780 

0356  01 

040C0368 

■si 

STO 

L 

KEFL 

0358  01 

C400016F 

726 

LO 

L 

WEF3 

HUS04800 

035A  31 

04000369 

727 

STO 

L 

HEFM 

HUSO 48 10 

035C  01 

40000388 

728 

B 

L 

ROMS 

HHS04820 

03  5E  0 

203  A 

729 

NPLl 

DC 

8250 

HHS04830 

035F  0 

201E 

730 

NPL2 

DC 

11550 

HHS04840 

36C9 

731 

NPL3 

DC 

1402.5 

0361  0 

4074 

732 

NPL4 

DC 

16500 

HUSO 4 860 

0362  0 

0000 

733 

CXI 

DC 

HWS04870 

0363  0 

0000 

734 

CX2 

DC 

HWSO480O 

182 
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0364 

0 

0000 

735 

P3L 

DC 

HWS04690 

0365 

0 

0000 

736 

P3N 

DC 

HUSO 4900 

0366 

0 

0000 

737 

P5L 

DC 

HWS04910 

0367 

0 

0000 

738 

P5M 

DC 

HHS04920 

0368 

0 

0000 

739 

HEFL 

DC 

HWS049<^ 

0369 

0 

0000 

740 

WEFH 

DC 

HWS04950 

036A 

0000 

741 

SUHX 

BSS  E 

0 

03  6A 

0 

0000 

742 

DC 

0 

0368 

0 

0000 

743 

DC 

0 

03  6C 

0 

C0F4 

744 

M0H4 

LO 

NPL4 

HW50  4960 

0360 

0 

9201 

745 

S 2 

VT128 

HMS04970 

03  6E 

0 

1889 

746 

SRT 

9 

036F 

0 

A836 

747 

D 

=2475 

HWS04990 

03  70 

0 

DOFl 

748 

STQ 

CXI 

HWS0  5000 

0371 

0 

COCB 

749 

LD 

= 128 

03  72 

0 

90FF 

750 

S 

CXI 

HUSO  50  20 

0373 

0 

DOEF 

751 

STO 

CX2 

HUSO  50  30 

03  74 

01 

C4000170 

752 

LO  L 

P3E3 

HUSO  50  40 

0376 

0 

DOED 

75  3 

STO 

P3L 

HUSO  SO  50 

03  77 

01 

C40001A6 

754 

LO  L 

P3E4 

HUSO  50  60 

03^79 

0 

bOEB 

755 

STO 

P3H  " 

HUSO  50  70 

03  7A 

01 

C4000171 

756 

LO  L 

P5E3 

HUSO  50  80 

C37C 

0 ' 

T30r9 

157 

5T0 

-p5L 

HUSO  50  90 

03  70 

Cl 

C40001A7 

758 

LO  L 

P6E4 

HUSO 5 100 

037f 

IT” 

TOFT 

759 

TTO 

P5M 

HUS05110 

0380 

01 

C 4000 16 F 

760 

LO  L 

WEF3 

HUS0S12O 

0382 

01 

04060368 

761 

STO"  L'~ 

mFfl 

HUSO  51 30 

03  84 

01 

C40001AS 

762 

LO  L 

WEF4 

HUS0514O 

0386 

01 

04050369 

•>6  3 

STO  L 

MEFH 

HUSO  51 50 

0 CODB 
0 AOOe 
0 D8DF 
0 C 009' 
0 A006 

0 880C 

0 1887 

"0  1090 

0 007A 

0 cocv 


03  92 
0393 
03  94 

o jo  o 

AOCF 

D3C6 

C002 

774 

~ 77T  ■ 

776 

M 

STO 

LD 

CXI 

SUMX 

P5M 

0395 

0 

AOCO  “ 

M 

Cx2 

0396 

0 

8803 

778 

AO 

SUMX 

0397 

0 

1887 

779 

SRT 

7 

03  98 

0 

1090 

780 

SLT 

16 

0399 

0 

D07Z 

781 

STO 

P5PL 

03  9A 

01 

C4000368 

782 

LO  L 

UEFL 

03  90  0 D8CC 
039f  0 COCA 
03  9F  0 AOC3 
03  A O 0 88C  9 

03A1  0 1887 

03A2  0 1090 

03A3  0 0066 

03A4  01  4C0003A7 


8UHX 

HEFM 

CX2 

sunx 

7 

16 

WEEN 
L M0U6 


HWS0  3160 
HWS05170 

“hh^moo" 

HWS05210 


HW"  -5250 
hWSv5266'' 
HWS052  70 

HWS0S30O 

HWS05310 


HWS05350 
HWS0  5360 
HWSb53tO 

HWS0  3400 
HWS0  5410 


HUSO  54  50 
HWoD  60 
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03A6  0 09AB 
03A7 

03A7  01  C400040C 
03A9  0 0223 

03AA  01  C400n/,0B 

792 

793 

794 

795 

796 

797 
79  B 

799 

800 
801 
802 
803 

+ 

MDU6 

LO0G 

DC 

EOU 

LO 

STO 

LO 

2475 

• 

P5PL 
2 VT162 
L P3PL 

- - - - 

MWS05470 

HWS0  5510 
MltS0552fl- 
HWS05530 
HWS0554Q 

03AC  0 
03AD  01 
03AF  0 
03B0  01 
0382  0 
0303  01 

0224 

C400028F 

0225 

C400040A 

0226 

C4000406 

STO 

LO 

STO 

LO 

STO 

LO 

2 VT163 
L ENK 
2 VT164 

L wefn 

2 VT165 
L KEFNl 

- - 

HHS05550 
HHS05560 
HWS05570 
^tlH505580 
HW  SO  5 590 

038  5 0 

0227 

804 

STO 

2 VT166 

HMS05610 

0386  01 

C4000407 

805 

L O 

L X£FN2. 

HWS05620 

0388  0 

0228 

806 

STO 

2 VT167 

HHS05630 

0309  01 

C4000411 

807 

LO 

L HTFH. 

0 300  0 

0229 

808 

STO 

2 VT168 

HWS05650 

O30C  01 

C4000409 

809 

LO 

L KEFM4 

HWS05663 

03BP  0 

022A 

810 

STO 

2 VT169 

HUSO  5670 

03BF  01 

C4000413 

811 

LO 

L P5TNB 

03C1  0 

0220 

812 

STO 

2 '/T170 

HWS0  5690 

03C2  01 

C4000412 

813 

LO 

L P3TNB 

03C4  0 

D22C 

814 

STO 

2 VT171 

MWS05710 

03C5  01 

C4000293 

615 

JJ2 

J. £JK 

03C7  0 

0220 

816 

STO 

2 VT172 

HWS05730 

03C8  01 

C4000400 

817 

LO 

L KTFNl 

03CA  0 

022E 

818 

STO 

2 VT173 

HWS05750 

03CB  01 

C400040E 

819 

LO 

L KTFN2 

03CD  0 

022F 

820 

STO 

2 Vtl7'4 

HWS05770 

03CE  01 

C400040F 

821 

LO 

L KTFN3 

0300  0 

0230 

822 

STO 

2 VT175 

MWS05790 

0301  01 

C4000410 

823 

LO 

L KTFN4 

0303  0 

0231 

824 

STO 

2 V«176 

HWS0  5810 

0304  01 

C4000414 

825 

LO 

L T00N 

0306  0 

0240 

826 

STO 

2 VT202 

827 

« 

HWS0  5480 

028 

m 

calculate  X-XO 

FOR  EQUILIBRIUM  PRESSURE 

HHSO  5^*30 

8 29 

* 

HWS05b00 

030  7 

830 

HEPT 

EQU 

4. 

0307  0 

C21E 

8 31 

LO 

2 VT157 

HHS0C820 

0308  0 

9201 

832 

S 

2 VT128 

HMS0583Q 

0309  0 

0024 

8 33 

STO 

NEl 

HUSO  5 840 

03DA  0 

0245 

834 

STO 

2 VT196 

03  00  0 

C294 

8 35 

LO 

2 VT108 

HWS0  5850 

03DC  01 

9400040C 

836 

S 

L P5PL 

HW  SO  5 880 

03  OE  0 

0020 

8 37 

STO 

862 

HHS05890 

03DF  0 

0246 

838 

STO 

2 VT197 

0360  0 

C29A 

8 39 

LO 

2 VT102 

MWS0  5900 

03E1  01 

94000408 

840 

S 

L P3PL 

HWS0  5930 

03E3  0 

00  U. 

841 

STO 

ME3 

MWS05940 

03E4  0 

0247 

842 

STO 

2 VT198 

03E5  01 

C40O028F 

843 

LO 

L ENX 

HWS05950 

03E7  0 

0019 

844 

STO 

ME4 

HWSO  5960 

845 

HWS0  5970 

0 3E8  6 

C294 

846 

LD 

2 WT108 

03E9  01 

94000413 

847 

S 

L P5TN0 

G3EB  01 

04000402 

8^8 

STll 

L MTl 
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03ED  0 
03 £E  OX 

C29A 

94000412 

649 

850 

LD  2 VT102 

S L P3TNB 

03F0  01 
. Q3.£2 

03F3  01 
03F5  01 

04000403 

0246 

C40001FA 

94000414 

851 

B52_ 

85  3 
8 54 

MEl 

STO  L MT2 
.STiL  2 VT199 
LO  L T4WF 

S L TBBN 

03F7  0 
03 F6  0 
03F9  01 
03  FB  0 
03FC  01 
03  FE  0 

OOOC 

0249 

C4000293 

0009 

4C  0004 17 
0000 

655 
6 56 
857 
8 56 
859 
660 

STO  MT3 

STO  2 VT200 

Lb  L ETK 

STO  MT4 

B L FREQE' 

DC 

HWS06100 

HWS06110 

oSFFlo 

OOOO 

861 

ME2 

OC  *-* 

HWS06120 

0400  0 

0000 

862 

HE3 

DC  t*-* 

HWS0  6130 

0401  0 

0000 

86  3 

ME4 

DC  ♦-* 

HWS06140 

0402  0 

OOOO 

864 

MTl 

OC  *-• 

0403  0 

OOOO 

86 -j 

MT2 

DC  *-• 

04  04  0 

OOOO 

866 

MT3 

OC 

0405  0 

OOOO 

86  7 

MT4 

DC 

04  06  0 

OOOO 

868 

KEFNl 

DC 

HWS06190 

0407  0 

OOOO 

869 

KEFN2 

OC  *-# 

HWS06200 

0406  0 

OOOO 

870 

KEFN3 

DC 

HWS06210 

0409  0 

UOOO 

871 

KEFN4 

DC  *-* 

HWS06220 

040A  0 

OOOO 

872 

WEFN 

DC  *-• 

HWS06230 

0406  0 

OOOO 

87  3 

P3PL 

DC  *-* 

HWS06240 

040C  0 

OOOO 

874 

P5PL 

OC  *-* 

HWS06250 

04QD  0 

OOOO 

875 

KTFNl  DC  *-* 

04  OE  0 

OOOO 

8 76 

KTFN2 

OC 

040F  0 

OOOO 

877 

KTFN3 

OC 

0410  0 

OOOO 

8 78 

KTFN4 

OC  *-♦ 

0411  0 

OOOO 

879 

wTfn 

OC  *-• 

HWS06330 

0412  0 

3000 

8 60 

P3TNB 

OC 

154ff~6' 

"0500  ' 

T6r 

PStNB 

DC  «-» 

0414  0 

OOOO 

882 

Tt)BN 

DC  *-■» 

HWS06370 

^'04rro' 

07)00 

- -885" 

PFHNN 

DC  *-*  

0416  0 

OOOO 

884 

3UMEF 

OC 

HWS06380 

85?" 

TT 

■Hwtbb390 

866 

♦ AT 

THIS  POINT  THE  FUEL  FLOW  REQUEST  IS 

HW  SO  6400 

B8T" 

4 COMPUTED  FOR  the  THREE  CONTROLLERS 

HW  SO  64 10 

686 

♦ *ie 

EQUILIBRIUM, PRES SURE, AND  TEMPERATURE 

HW  SO  64  20 

SS9 

* Wb 

A SELEICT  low  BfrERM in?"  which  CONTROLLER 

HW  SO  6430 

690 

* MILL  BE  USED 

HWS0  6440 

04T7 

891 

FREOE 

EQU  * 

HWS06450 

0417  01 

C4000406 

892 

LO  L KEFNl 

HWS06460 

0419  0 

A0E4 

09  3 

M ME! 

HWS06470 

041A  0 

1087 

894 

SLT  7 

041B  0 

D24A 

895 

STO  2 VT201 

04 1C  0 

D0F9 

896 

STO  SUMEF 

HWS06490 

0410^  01  C4000407 

897“ 

LO  L KEFN2 

HWS06500 

041F  0 

AODr 

898 

M ME2 

HWS06510 

0420  0 

APIS 

899 

0 «100 

0421  0 

1389 

9 00 

S«T  9 

0422  0 

8CF3 

901 

A SUMEF 

HWS06530 

0423  0 

D0F2 

902 

STO  SUMEF 

HWS06540 

0424  01 

C4000408 

903 

LD  L KEFN3 

HWSr65S0 

0426  0 

A009 

904 

M ME3 

HWS J6560 

0427  0 

ASU 

905 

0 »100 
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0A28  0 

1889 

906 

SRT 

9 

. 0429  0 

80EC  . 

907 

A 

SWHEF 

HWS065BJ. 

042A  0 

DOEB 

908 

STO 

SUMEF 

HWS06590 

0428  01 

C4000409 

909 

LO 

L 

KEFN4 

HUSO 6600 

0420  0 

A0D3 

910 

H 

ME4 

HWS06610 

042E  0 

1084 

911 

SLT 

4 

042  F 0 

0240 

912 

STO 

2 

VT204 

-0410^ 

60E5 

913 

...A  ... 

SUM£E  

HUSO  6630 

043  1 0 

D0E4 

914 

STO 

SUMEF 

MWS06650 

0432  01 

C400040A 

915 

_ U) 

L . 

WEFN 

HHS0667Q 

0434  0 

1882 

916 

SRT 

2 

0435  0 

80EO 

917  . 

A 

SUMEF 

HUSO  6 700 

043  6 0 

DODF 

918 

STC 

SUMEF 

HHS06720 

0437  01 

4C00043B 

919 

8 

L 

FRJQP 

HWS06770 

920 

LORG 

HWS06780 

0439  0 

0064 

921 

♦ DC 

’.00 

043 A 0 

0000 

922 

SUMPF  DC 

HWS06790 

043B 

923 

FREOP  EOU 

4 

HWS06600 

0436  0 

COO  3 

924 

LD 

-32700 

HWS07160 

043C  0 

OOFO 

925 

STO 

SUMPF 

HUSO  70 70 

0430  01 

^00044 1 

926 

B 

L 

FREOT 

HWj07120 

927 

LORG 

’.HS07130 

043  F 0 

7FBC 

928 

♦ DC 

32700 

0440  0 

0000 

929 

SUMTF  DC 

*-* 

HNS07140 

0441 

930 

FREOT  EOU 

HWS07150 

044L01^40004iUL  „ 

931 

LD 

_L KJFJil  . 

0443  01 

A4000402 

932 

H 

L 

MTl 

0445  0 

A8FJ 

933 

■J0J3.  .. 

0446  0 

1889 

934 

.. 

SRT 

9 

0447  _D 

DOF  8 

935 

STO 

SUMTF 

0446  01 

C400040E 

936 

LD 

L 

KTFN2 

044A  01 

A4000403 

937 

M 

L- 

MT2 

044C  0 

A8EC 

938 

D 

•100 

0440  0 

1889 

939 

SRT 

9 

044E  0 

024E 

940 

STO 

2 

VT205 

044F  0 

eoFo 

941 

A 

SUMTF 

0450  0 

OOEF 

942 

STO 

SUMTF 

0451  Ol' 

C400040F 

943 

LC 

L 

KTFN3 

0'¥53  01 

A4000404 

944 

H 

L 

MT3 

0455  0 

A813 

945 

0 

■10 

04~56  0 

T889 

946 

Srt 

9 

0457  0 

D24F 

947 

STO 

2 

VT206 

0458  0 

"94i 

A 

SumtF 

0459  0 

D0E6 

949 

STO 

SUMTF 

045A“or 

C4OO04 10 

950 

LD 

L 

KTFN4 

045C  01 

A4000405 

951 

M 

L 

MT4 

045 E 0 

1083 

95  2 

SLT 

3 

0A5F  0 

D250 

953 

STO 

2 

VT207 

046  0 0 

eOOF 

954 

A 

SUMTF 

0461  0 

0006 

955 

STO 

SUMTF 

0462  01 

C 40004 11 

956 

LD 

L 

WTFN 

0464  0 

1882 

957 

SRT 

2 

0465  0 

SODA 

958 

A 

SUMTF 

04  66  0 

0009 

959 

STO 

SUMTF 

0467  01 

4C00046E 

960 

B 

L 

MOSMT 

HWSC7180 

961 

LORG 

HUSO  7 190 

0469  0 

OOOA 

962 

+ DC 

10 



. 

. 

- . . 

^ , — 

..  

1B6 
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0<>6A  0 

OCCC 

96  3 

O’."  ■ DC 

*■ 

3276 

HHS07200 

0^t6B  0 

:998 

964 

T8J  DC 

6552 

HWS0  7210 

0A6C  0 ■ 

2664 

965 

THREE  DC 

9828 

HW SO  7220 

0A6T  0 

0000 

966 

WFHOO  OC 

HWSO  7730 

046E 

967 

HOSHT  ECU 

* 

HWS07^- 

0A6E  01 

C4000416 

968 

LO 

L 

SUMEF 

HWSO  • 

0470  0 

D?B9 

969 

STO 

2 

VT071 

HWSO  72 bO 

0471  01 

C400043A 

970 

LD 

L 

SUMPF 

HW00  7270 

0473  0 

0268 

971 

STO 

2 

VT072 

HHS0  7280 

04  74  01 

C400044O 

972 

LD 

L 

SUMTF 

HHS0  7Z90 

0476  0 

0237 

973 

STO 

2 

VT073 

HWSO  7300 

04  77  0 

B2B8 

974 

CMP 

2 

VT072 

HWSO 7310 

0478  0 

C2B8 

975 

LD 

2 

VT0‘»2 

HWSO 7320 

0470  0 

1000 

976 

NOP 

HWSO 7330 

047A  0 

D0F2 

977 

STO 

MFMOO 

HWSO 7340 

04  7B  0 

B2B9 

978 

CMP 

2 

VT071 

HWSO 7350 

047C  0 

C2B9 

979 

LO 

2 

VT071 

HWS07360 

04  70  0 

1000 

980 

NOP 

HWSO  mo 

047E  0 

023  5 

981 

fro 

2 

9T18D 

HWS07380 

0-f7F  01 

4C28048A 

982 

BN 

HINFL 

0481  01 

A4000505 

98  3 

M 

L 

= 13 

HWS06990 

04  83  0 

1090 

984 

SLT 

16 

HWSO 7000 

0484  0 

0235 

98  5 

STO 

2 

VT180 

04  85  0 

C23  5 

986 

LO 

2 

VT180 

0486  01 

94000416 

98  7 

S ' 

L 

UFMNN 

0488  01 

4C  100480 

988 

BNN 

MINSS 

048A  01 

C4000415 

989 

MlNFl  LD 

L 

WFMNN 

048C  0 

□ 23S 

990 

STO 

2 

VTieo 

0480 

99  1 

MlNSS  EOU 

♦ 

04  80  0 

C235 

992 

LO 

2 

vTieo 

HWSO 7390 

048E  0 

1890 

993 

SRT 

16 

048E  0 

A875 

994 

D 

-13 

0490  0 

9289 

995 

S 

2 

VT0  71 

HWS07400 

0491  01 

4C 200497 

996 

BNZ 

MIKEl 

HWS07410 

0493  0 

C006 

997 

LO 

ONE 

HWSO 7420 

04  94  0 

02B6 

998 

STO 

2 

VT074 

HWSO 74 30 

040F”0T 

ACOOOA AO 

99^  ■ 

'B 

L 

ROTllT 

HWSO 7440 

04  97  0 

C23  j 

:ooo 

MIKEl  LD 

2 

VTIBO 

HWSO  74  50 

O4'90  0 

U9o 

loOi  ■ 

SpT 

16 

04  99  0 

A86B 

1007 

0 

= 13 

049A  0 

92B7 

100  3 

s 

2 

VT073 

HWSO 7460 

049B  01 

4C2004A1 

1004 

BNZ 

MIKE2 

HWSO 7470 

549(nr 

TOCO 

T005~' 

LB 

Xho 

HWSO 7480 

04  9E  0 

02B6 

1006 

STO 

2 

VT074 

HWSO 7490 

049f  01 

4C 0004 AO 

1007 

B 

L 

ROAIB 

HWSO 7500 

04  A 1 0 

COCA 

1008 

MIKE2  LO 

THREE 

HWSO 7510 

04A2  0 

D2B6 

1009 

STO 

2 

VTo74 

HWS07520 

04A3  01 

4C0004A0 

1010 

B 

L 

ROAIB 

HWS07530 

754AT  0 0031 

TO  IX 

Ri-Teinsc 

49 

04A6  0 

00  IF 

1012 

KINUN  DC 

31 

04A7  0 

0009 

1013 

K2NUH  DC 

9 

04A8  0 

0000 

1014 

YNMl  DC 

04A9  0 

0000 

1015 

UNHl  DC 

04AA 

0000 

1016 

TEMF  BSS 

E 

0 

04AA  0 

0000 

1017 

DC 

0 

ri4AR  0 

0000 

1018 

OC 

0 

04AC  0 

0000 

1019 

SWLAG  DC 
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0'4A0 

1020 

1 

1 

EQU 

* HW SO 7540 

04  AD 

01 

C40004AC 

1021 

LO 

L 

SNLAG 

04AF 

01 

4C20046C 

1022 

6NZ 

FILT 

04B1 

01 

C4000506 

1023 

LD 

L 

-123 _ . 

0463 

01 

D40004AC 

1024 

STO 

L 

SWLAG 

0465 

0 

.0225 

1025 

LD 

-_2_ 

VT180 

0466 

01 

D40004A8 

1026 

STO 

L 

YNMl 

0468 

01 

040004A9 

1027 

STO 

L 

UNHI  ... 

046A 

01 

4C 000406 

1028 

B 

L 

OONOZ 

04  BC 

01 

C40004A9 

J.0  29 

_ . FlUT 

LO 

L . 

UNBl  - ... 

046E 

01 

A40004A7 

1030 

M 

L 

K2NUM 

04CO 

01 

DC0004AA 

1031 

STO 

L 

TEHF 

04C2 

0 

C235 

1032 

ID 

2 

VT180 

04C3 

01 

D4O004A9 

1033 

STO. 

L 

UNHl 

04C5 

01 

A40004A7 

1034 

H 

L 

K2NUM 

04C7 

01 

8C0004AA 

1035 

AO 

L 

TEMF 

04C9 

01 

DC0004AA 

1036 

STD 

L 

TEHF 

04CB 

01 

C40004A8 

1037 

LO 

YNHl 

04CD 

01 

A40004A6 

103£ 

H 

L 

KINUH 

04CF 

01 

8C0004AA 

10  39 

AD 

L 

TEHF 

0401 

01 

AC  0004  A5 

1040 

0 

L 

KLAGD 

0403 

01 

040004A8 

1041 

STO 

L 

YNHl 

0406 

0 

0235 

1042 

STO 

2 

vTieo 

04  06 

143 

OONOZ 

_isy_ 

« 

0406 

0 

C2B6 

1044 

LO 

2 

VT074 

0407 

01 

9400046A 

1045 

S 

L 

ONE 

0409 

01 

4C  200460 

1046 

BNZ 

GTlO 

0406 

0 

C201 

1047 

LO 

2 

VT128 

040C 

01 

04000507 

1048 

STO 

L 

NA8 

04  OE 

01 

40000463 

1049 

6 

L 

CALA8 

04E0 

0 

C21E 

1050 

GTIO 

LD 

2 

VT157 

0461 

01 

04000507 

1051 

STO 

L 

NAB 

04E3 

01 

C4000507 

1052 

CALA6 

LD 

L 

NA8 

04E5 

01 

940000F9 

1053 

S 

L 

■14025 

04E7 

01 

40  100460 

1054 

BNN 

GTll 

04E9 

0 

C20E 

10  55 

LO 

2 

VT034 

C4EA 

0 

02AF 

1056 

STO 

2 

VT081 

04  E6 

01 

4C  000509 

1057 

6 

L 

CONT 

04ED 

01 

940000FA 

105  8 

GTll 

S 

L 

■ 2475 

04EF 

01 

4C2804F5 

1059 

BN 

GT12 

04FI 

0 

C2D0 

1060 

LO 

2 

VT035 

04  F2 

0 

D2AF 

1061 

STO. 

2 

VT081 

04,  3 

01 

4C000509 

1062 

6 

L 

CONT 

04F5 

0 

C2DE 

1063 

GT12 

LO 

2 

VT034 

04F6 

0 

9200 

1064 

S 

2 

VT035 

04F7 

01 

D400050S 

1065 

STO 

L 

ANOZN 

04F9 

01 

C40000F5 

1066 

LO 

L 

-16500 

04  FB 

01 

94000507 

1067 

S 

L 

NAB 

04F0 

01 

A4000508 

1068 

M 

L 

ANOZN 

04  FF 

01 

ACOOOOFA 

1069 

0 

L 

«2-.75 

050  1 

0 

8200 

1070 

A 

2 

VT035 

0502 

0 

□ 2AF 

1071 

STO 

2 

VT081 

0503 

01 

4C  000509 

1072 

B 

L 

CONT 

1073 

LORG 

0505 

0 

0000 

1074 

♦ 

DC 

13 

C506 

0 

0076 

1075 

+ 

OC 

123 

050  V 

0 

0000 

1076 

NAS 

DC 
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Table  B-11. 

Honeywell 

Control  Program  (Continued) 



V - 

17  JUL  74  page 

020 

0508  0 

0000 

1077 

ANOZN 

oc 

0509 

1078 

CONT 

ECU 

* 

HHS07700 

0509  00 

65000000 

1079 

Xftl 

LDX  LI 

HWS07710 

_.  05Jffljaj^^800QQfi 

1080 

3SC  I 

HHECT 

HWS0  7720 

FFB9 

1081 

VT071 

ECU 

-71 

HHS07730 

Free 

»082 

VT0  72 

EQU 

-72 

HUSO  7740 

FFB7 

1083 

VT073 

EQU 

-73 

HWS07750 

FFB6 

1084 

VT0  7** 

ECU 

-74 

HHS0  7760 

FFAF 

1085 

VT081 

ECU 

-81 

HWS07770 

FF4E 

10  86 

VT082 

EQU 

-82 

HWS0  7780 

FFAD 

1087 

VT08  3 

EQU 

-83 

HWS07790 

OOIE 

1088 

vri57 

EOU 

+ 30 

HHS0  780O 

003  5 

1089 

VT180 

EQU 

+53 

HWS07810 

0001 

1090 

VT12e 

EOU 

+ 1 

HWS0  78n 

FF9A 

1091 

VTIO? 

EQU 

-102 

HWSOTBiO 

FF94 

1092 

vTioa 

EQU 

-108 

HWS0  7840 

FF9F 

1093 

VT09  7 

EQU 

-9  7 

HWS07650 

FFDC 

1094 

VT036 

EOU 

-36 

HW$07860 

FFD8 

1095 

VT037 

EQU 

-37 

HWiOTB’J 

FFDA 

1096 

VT038 

EOU 

-38 

HWS07880 

FF09 

1097 

VT039 

EQU 

-39 

HWS07890 

0023 

1098 

VT162 

EOU 

+ 35 

HWSO  7900 

002  A 

1099 

VT163 

EOU 

+36 

HWS07910 

0025 

1100 

VT164 

EOU 

♦ 37 

H¥50  7920 

0026 

1101 

VT165 

EOU 

♦ 38 

HWS07930 

0027 

1102 

VT166 

EOU 

+ 39 

I1HS0  7940 

002  8 

1103 

VT167 

EQU 

+40 

HHSO  7950 

0029 

ll04 

VT168 

EQU 

+ 41 

HWSO  7960 

002  A 

1 105 

VT169 

EOU 

+42 

HUSO  7970 

0028 

1106 

VT170 

FOU 

+43 

HWSO  7980 

002C 

1107 

VT171 

EQU 

+44 

HWSO 7990 

0020 

1108 

VT172 

EQU 

+45 

HWS08000 

■002T' 

iro9 

VT173 

EOU 

HWSO  80 10 

002F 

1110 

VT174 

EQU 

+47 

HWSO 80 20 

0030 

nil 

VT175 

EOU 

+48 

HWSO  80  30 

0031 

1112 

VT176 

EQU 

+ 49 

HWS08040 

00^  F 

1113 

VT206 

cou 

+79“ 

0050 

1114 

VT207 

EQU 

+80 

00^5  " 

im 

VT196 

EQU 

+69 

0046 

1116 

VT197 

EOU 

+ 70 

004  7 

1117 

VTl9a 

EOU 

+ 71 

0048 

1118 

VT199 

EOU 

+ 72 

0049 

1TT9 

VT200 

EOU 

+ 73 

004A 

112'J 

VT201 

EOU 

+ 74 

b04B 

1121 

VT20Z 

EOU 

+ 75 

00 4C 

1122 

VTZ03 

EOU 

+ 76 

0040 

1123 

VT204 

EOU 

+ 77 

004  E 

1124 

VT205 

EQU 

+ 78 

FFF4 

1125 

VT012 

EQU 

-12 

FFF3 

1126 

VT013 

EOU 

-13 

FFF2 

1127 

VT014 

EOU 

-14 

FFFl 

1128 

VT015 

EQU 

-15 

FFFO 

1129 

VT016 

EOU 

-16 

FFEF 

1130 

VT017 

EOU 

-17 

FFEE 

1131 

UT018 

EOU 

-18 

FF.'-O 

1132 

VT019 

EQU 

-19 

FFLC 

1133 

VT020 

EOU 

-20 

A 


i 

I ■.’ 

■j  1 

! * 


1 


i 


•j 


I I 
! i 


j 
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Table  B-11.  Honeywell  Control  Program  (Concluded) 


17.JUL  74.  PAGE  OZl 


FFEB 

1134 

VT021  EOU 

-21 

FEEA 

1135 

VT022  EQU 

-22 

FFE9 

1136 

VT023  EOU 

-23 

FFD8 

1137 

VT040  EQU 

-40 

FFD7 

1136 

VT041  EQU 

-41 

FEQi 

11  ^9 

VTOA?  FOU 

-42 

FFD5 

1140 

VT043  EQU 

-43 

. _ fFJH  . 

114L 

VT044,£BU 

-44 

FPD3 

1142 

VT045  EOU 

-45 

FFD2 

_ .1143 

VT046  . EQU  . . 

-46 

FFDl 

1144 

VT047  EOU 

-4  7 

FFOO 

1145 

VTQ48  EOU 

-48 

FFCF 

1146 

VT049  EQU 

-49 

. FFtE  . 

. _1147 

-VTA5fi,£0y_ 

"5P 

FFC3 

1148 

VT061  EQU 

-61 

FFC2 

1149 

VT062  EOU 

-62 

FFCi 

1150 

VT063  EOU 

-63 

FFCO 

1151 

VT064  EQU 

-64 

FFBF 

1152 

VT065  EOU 

-65 

FFBE 

1153 

VT066  EOU 

-66 

FF«jb 

1154 

VT067  EQU 

-6  7 

FFBC 

1155 

VT068  EQU 

-68 

FFBB 

1156 

VT069  EQU 

-69 

FFOE 

1157 

VT034  EOU 

•34 

er-00 

1156 

VT035  EOU 

-35 

'•rBS  

1159 

VT075  EQU  _ . 

-75 

FFBA 

1160 

VT076  EQU 

-76 

FFB3 

1161 

. y.TQ77_iQU 

-77 

FFB2 

1162 

VT078  EQU 

-78 

FFAC 

1163 

VT0A4  Foil 

-84 

FFAB 

1164 

VT085  EQU 

-85 

FFAA 

1165...„ 

VT086  EQU.  _ - 

-86 

FFA9 

1156 

VT087  EOU 

-87 

FFA8 

1167 

VT083  EOU 

-88 

FFA7 

1168 

VT089  EQU 

-89 

FFBl 

1169 

VT079  EQU 

-79 

FFBO 

1170 

VTOeO  EOU 

-80 

FFA6 

1171 

VT090  EOU 

-90 

050E 

1172 

END 

000  ERROR  I S)  AMO  0C6'  W ARN I NGTST  IN  ABOVE  ASSEMBLY. 


Table  B-12.  Honeywell  Control  Progi  am  Cross  Reference 


SYMBOL 

value 

REL 

defn 

REFERENCES- 

Rf;0ZN 

0506 

1 

i077 

1065M 

lU6  6R 

tUJMftl 

OlOC 

1 

21b 

245ft 

292ft 

33  9R 

CALAb 

04E3 

i 

1052 

1049ft 

CliNT 

0509 

l 

1076 

1057P 

1C62R 

1072R 

CX.1 

0362 

1 

733 

6d7M 

6U9ft 

712H 

C X2 

0363 

1 

734 

69UM 

71 5M 

751N 

Cl 

OOB9 

1 

138 

134H 

15  3M 

162H 

C 11 

OlOF 

1 

221 

229M 

236R 

Cl? 

0145 

1 

26b 

2 76M 

283R 

c 13 

017b 

1 

315 

323M 

330P- 

C2 

OOBA 

1 

139 

} 36H 

155M 

165M 

C21 

OIIO 

1 

222 

231M 

239R 

C22 

0146 

1 

269 

2 78M 

286R 

C23 

017C 

1 

3U 

325M 

333R 

OONOZ 

0406 

1 

lJ43 

1028R 

ul 

028E 

1 

565 

45SR 

577R 

591ft 

fHDK 

0288 

1 

559 

510M 

521ft 

5 #5R 

F.  ^OK  \ 

0289 

1 

560 

522M 

576R 

653H 

FNK 

028F 

1 

566 

4 76M 

4 79R 

5?8M 

li4  3R 

ENKL 

0 290 

1 

567 

*83H 

532M 

604ft 

fPOK 

028A 

i 

561 

S13M 

523ft 

654k 

EPOKl 

0268 

l 

562 

524M 

655M 

F PK 

0291 

1 

568 

46  3H 

466ft 

535H 

EPKL 

0292 

1 

569 

4 8 7H 

539M 

619R 

FTUK 

028C 

l 

516H 

525R 

569ft 

6T0KI 

0260 

1 

564 

526M 

590R 

657N 

FTK 

0293 

1 

5 70 

489M 

492R 

«,  . 

8 5 7ft 

ETKL 

0294 

i 

571 

49  3M 

545M 

634R 

PUT 

04BC 

1 

1029 

1022ft 

PK60E 

0417 

1 

891 

859ft 

PfteQP 

043B 

1 

92i 

919ft 

FKEOT 

0441 

1 

9:0 

926R 

^‘T4W 

0161 

1 

363 

FT^-HC 

01E3 

1 

400 

38  3R 

FUELH 

niBi 

1 

362 

24SR 

296R 

343R 

GTIO 

04t0 

1 

1050 

1046R 

GTll 

04E0 

1 

1058 

1054B 

GTl? 

04F5 

1 

1063 

1059M 

KHECT 

0000 

1 

2 

IR 

loaoB 

I ASCW 

FEBF 

C- 

COMMON 

Ib  TO 

FFOO 

c- 

COMMON 

I tHJMY 

FFFF 

C" 

COMMON 

intfg 

0295 

1 

573 

518R 

54  8R 

I rap 

0114 

l 

227 

13  7ft 

16RR 

IN2F 

014A 

l 

274 

180R 

I M3F 

OlAO 

l 

321 

156R 

19lft 

I$w 

OlFO 

l 

429 

1 lOH 

43lft 

433H 

I VTOO 

FFao 

c- 

•common 

JOUMY 

FF7F 

C-COMHCN 

KEFNl 

0406 

1 

66b 

243M 

C90M 

33  7M 

KEFN2 

0407 

1 

869 

805R 

897R 

KEFN3 

0406 

l 

870 

90  3R 

KEFN4 

0409 

L 

871 

809R 

90  9R 

KEFll 

00''C 

1 

ZOl 

17M 

235R 

KEF12 

OUFD 

1 

202 

KfcFn 

DOPE 

1 

203 

KEFU 

OOFF 

1 

204 

24M 

714ft 

?48H 

75UR 

75  5R 

774R 

783R 

76 8R 

777R 

7B6R 

164R 

174N 

176R 

185h 

187R 

22H« 

1 77M 

.88M 

230ft 

277K 

3«:4R 

652ft 

53lft 

580R 

5B1M 

566K 

60  2R 

60  7M 

blOR 

61  5M 

60bft 

611K 

614ft 

538R 
621ft 
65  6ft 

617R 

626R 

622M 

629R 

625ft 

630M 

544ft 

594R 

595H 

600M 

63?R 

637M 

540R 

645M 

636ft 

641R 

644R 

80 3R  B92R 


HI  5ft 
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Table  B- 12.  Honeywell  Control  Program  Cross  Reference 
(Continued) 


SYMBOL 

VALUE 

REL  OEFN 

REFERENCES- 

KEF21 

0135 

1 251 

2 7H 

2 38R 

2H2R 

KEF22 

0136 

i 252 

KEF23 

0137 

1 :-53 

KEF2A 

0138 

1 25A 

3AM 

KEF31 

016B 

1 298 

37M 

285R 

329R 

KEF32 

016C 

1 299 

KEF33 

0160 

1 300 

KEF34 

016E 

L 301 

AAH 

KEF41 

OlAl 

1 3A5 

A7M 

332R 

KEF« 

01A2 

1 3A6 

KEF43 

01A3 

1 3A7 

KEF44 

OlAA 

1 3A8 

KLAGO 

0AA5 

1 1011 

lOAOR 

KTFNl 

OAOD 

1 875 

81  7R 

931R 

KTFN2 

OAOE 

1 876 

819R 

936R 

KTFN3 

OAOF 

1 8 77 

821R 

9A3R 

KTFN4 

OAIO 

1 878 

823R 

950R 

KTFll 

0103 

1 209 

5 7M 

KTF12 

OlOA 

1 21U 

60H 

KTF13 

0105 

1 211 

63M 

KTFIA 

0106 

1 212 

66M 

KTF21 

Ol3C 

1 259 

71M 

KTF22 

0130 

1 260 

73M 

KTF23 

01 3E 

1 261 

76M 

KTF2A 

013F 

1 262 

79M 

KTF31 

0172 

1 30  S 

BAH 

KTF32 

0173 

1 307 

86M 

KTF33 

017A 

1 308 

89M 

KTF3A 

0175 

1 309 

92M 

KTFAl 

01A6 

1 353 

96h 

KTFA2 

01A9 

1 35 

98M 

KTFA3 

OlAA 

1 355 

10 IM 

KTFAA 

blAB 

1 356 

lOAM 

K INUM 

0AA6 

1 1012 

1038R 

KITHO 

OlFB 

1 A27 

37AM 

391M 

AA7R 

K2NUM 

0AA7 

1 1013 

1030R 

103AR 

LUPl 

OllD 

1 23A 

2ABM 

LLPr 

0153 

1 281 

29  5H 

CUl^ 

1 ■ iir 

2A2M 

* ■"  ■ ■ 

■ **” 

MDSMT 

0A6E 

1 967 

96  OR 

HDWl 

0309 

1 672 

664m 

MOH2 

0316 

1 682 

6f’AR 

MOW3 

03  3E 

1 707 

68AM 

MDMA 

03  6C 

1 7AA 

70  9H 

MOHS 

03  68 

1 76A 

70  3R 

728R 

M0W6 

03A7 

1 79A 

671R 

681R 

791R 

MOW9 

02AB 

1 A9A 

A73R 

ME' ST 

FEFF 

C-CD»rMOM 

MEPT 

0307 

1 330 

MEl 

03FE 

1 860 

833M 

893R 

ME2 

03  FF 

1 861 

83  7M 

898R 

ME3 

OAOO 

1 8<.2 

BAIM 

9CAR 

HEA 

OAOl 

1 863 

8AAM 

910R 

MICK 

03  AD 

1 127 

13R 

MIKEl 

0A97 

1 1000 

996R 

MIKE2 

OAAl 

1 1006 

lOOAR 

MINFL 

0A8A 

1 989 

982M 

MINSS 

0A8D 

1 991 

988R 

HTX 

0A02 

1 PSA 

8A8M 

932R 
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Table  B>12 


Honeywell  Control  Program  Cross  Reference 
(Contlimed) 


1 


ft 


1.1 


SYMBOL 

VALUE 

REL 

OEFN 

REFERENCES- 

MT2 

0403 

1 

86S 

851M 

937R 

MT3 

0404 

1 

866 

855M 

944  R 

KT  4 

040S 

L 

86  7 

858M 

95 IR 

MWL 

02BE 

1 

609 

60  3M 

HW2 

Q2C5 

1 

616 

60  5R 

60  8R 

612R 

HW3 

02CF 

1 

624 

618M 

HM4 

0206 

1 

631 

620R 

623R 

627R 

HUS 

Q2E0 

1 

639 

633M, 

MW  6 

02E3 

1 

651 

635R 

638R 

642R 

646R 

NA8 

0507 

1 

1076, 

104BH 

1051H 

1052R 

1067R 

NE  XT 

OICO 

1 

3B4 

366R 

N6ET  . 

OlOE 

1 

220 

247R 

294  R 

341R 

NIN 

OOBB 

1 

140 

132H 

151M 

167M 

179M 

190M 

NHl 

_01A3 i 

589 

Sa4R 

NH2 

02B4 

1 

602 

598R 

NPH 

035E 

1 

729 

662R 

NPL2 

035F 

1 

730 

682R 

NPL3 

0360 

1 

731 

70  7R 

NPL* 

0361 

1 

732 

6 72R 

744R 

ONE 

046A 

1 

963 

519R 

583R 

99  7R 

1045R 

PL  A 

02F7 

1 

661 

P3E1 

0101 

1 

206 

66  5R 

691 R 

P3  E2 

013A 

1 

256 

693R 

716R 

P3E3 

0170 

1 

30  3 

718R 

752  R 

P3E4 

01A6 

1 

350 

6Y5R 

754R 

P3L 

0364 

1 

735 

69  2H 

II  7M 

753M 

764  R 

P3H 

036S 

i 

736 

694H 

719N 

7i5M 

76  7R 

P3PL 

040  B 

1 

873 

666H 

676M 

772H 

797R 

840R 

P3TNB 

0412 

1 

880 

311R 

81  3R 

850R 

P3T1 

OIOS 

1 

214 

21M 

P3T2 

0141 

1 

204 

31M 

P3T3 

0177 

1 

311 

. 41M 

P3T« 

OlAO 

1 

358 

51M 

P5E1 

0102 

1 

207 

66  7R 

695  R 

P5E2 

013B 

1 

257 

69  7R 

720R 

P5E3 

0171 

1 

304 

722R 

756R 

P5E4 

01A7 

1 

351 

6 77R 

7589 

P5L 

0366 

1 

737 

69  6M 

721  M 

75  7M 

773R 

PSM 

0367 

1 

738 

fc98M 

72  3i3 

75  9M 

776R 

P5PL 

0400 

1 

874 

668M 

678M 

781M 

795R 

B36R 

P5TNB 

0413 

1 

881 

811R 

84  7R 

P5T1 

0109 

1 

215 

120M 

P5T2 

0142 

1 

265 

122M 

P5T3 

0178 

1 

312 

124M 

P5TA 

OlAE 

1 

359 

126M 

ROAIB 

04  AO 

1 

10  20 

999R 

1007R 

lOlOR 

SENL 

0238 

1 

460 

4 7 7R 

SEPL 

0240 

1 

487 

48  4R 

SETL 

0249 

1 

t93 

490R 

SETXl 

0100 

I 

219 

23  2R 

279R 

326R 

STENL 

026.9 

1 

532 

529R 

STEPL 

0271 

1 

539 

^36R 

stetl 

0274 

1 

545 

542R 

STPl 

OlFK 

1 

430 

400R 

STP2 

020E 

1 

442 

43ZR 

STP3 

0219 

1 

452 

44  IR 

SUHEF 

0416 

1 

884 

896M 

90 IR 

902H 

90  7R 

906M 

913P 

914H 

917R 

918M  96BR 

SUMPF 

04  3A 

1 

922 

92  5H 

970  R 

SUMTF 

0440 

1 

929 

935M 

941R 

942M 

948R 

94  9H 

954R 

S5  5M 

95RR 

954M  972R 
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Table  B-12.  Honeyireli  Control  Program  Cross  Reference 
(Continued) 


SYMBOL 

VALUE 

REL 

OEFN 

REFERENCES- 

SUMX 

036A 

1 

741 

766M 

76 9P. 

775M 

77BR 

784M 

7.1 7R 

SUMl 

0112 

1 

224 

237M 

240R 

SO  M2 

0148 

1 

271 

2B4H 

237R 

SUM3 

017E 

1 

318 

331M 

334R 

SWLAG 

04AC 

1 

1019 

108M 

1021R 

1024M 

TAU2T 

OlFC 

1 

428 

382M 

399M 

44  9R 

466R 

TBBN 

0414 

1 

832 

514R 

B25R 

854R 

I’bl 

OlOA 

1 

216 

112M 

TtS2 

014  3 

i 

266 

1 14M 

TB3 

0179 

1 

313 

116M 

T64 

OlAF 

1 

360 

118M 

TEMF 

04AA 

1 

1016 

1031M 

1035R 

1036M 

1039R 

TESTN 

0007 

1 

10 

6R 

three 

04ftC 

1 

965 

1008R 

TIME 

0287 

1 

558 

109H 

51 7R 

54  7M 

T INI 

OOCO 

1 

157 

149R 

riN2 

OODB 

1 

169 

159H 

TIN3 

00E9 

1 

181 

171M 

TMAX 

OOCl 

1 

147 

130.7 

TMPF 

01F2 

1 

414 

369M 

372R 

377M 

380R 

386M 

38  9R  394M 

TSTl 

0111 

1 

223 

2 33H 

2 34R 

244R 

246M 

TST2 

014  7 

1 

2 70 

2."0M 

281R 

291R 

293H 

TST3 

0170 

1 

317 

327M 

32  8R 

33BR 

340M 

TWO 

046B 

1 

964 

59  7R 

1005R 

TAWF 

OlFA 

1 

426 

4 69K 

515R 

853R 

UNMl 

04A9 

t 

1015 

1027H 

1029R 

1033M 

VT012 

FFF4 

0 

1125 

15R 

YT013 

FFF3 

0 

1126 

18R 

VTOU 

FFF2 

0 

1127 

20R 

VT015 

FFFl 

0 

1128 

22R 

VT016 

FFFO 

0 

1129 

25R 

VT017 

FFEF 

0 

1130 

28K 

VT018 

FPEE 

0 

1131 

30R 

VT019 

FFcO 

0 

1132 

32R 

VT020 

FFEC 

0 

1133 

35R 

VT021 

FFE8 

0 

1134 

38R 

VT022 

FFEA 

0 

1135 

40R 

VT023 

FFE9 

0 

1136 

42R 

VT03A 

FFOE 

0 

1157 

1055R 

1U63R 

VT035 

FFDO 

0 

1158 

1060R 

1064R 

1070R 

VT  036 

FFDC 

0 

1094 

475R 

52  7R 

VT037 

FFOB 

0 

1095 

48 IR 

533R 

VT  03  a 

FFDA 

0 

1096 

488R 

540R 

VT039 

FF09 

0 

1097 

UR 

14M 

471R 

'►74M 

VTOAO 

FF08 

0 

1137 

45R 

VT041 

FFD7 

0 

11  38 

48R 

VT042 

FFD6 

0 

1139 

50R 

VTOA3 

FF05 

0 

1140 

52R 

VT  OAA 

FF04 

0 

1:41 

55R 

VTOA5 

FF03 

0 

11  ? 

58R 

VT  046 

FF02 

0 

1143 

61R 

VT047 

FFOl 

0 

1144 

64R 

VT048 

FFDO 

0 

1145 

67R 

VT049 

FFCF 

0 

1146 

69R 

VT050 

FFCE 

0 

1147 

72R 

VT061 

FFC3 

u 

1148 

74R 

VT062 

FFC2 

0 

1149 

77R 

VT063 

FFCl 

0 

1150 

80R 

VT  064 

FFCO 

0 

1151 

82R 
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Table  B-12 


Honeywell  Control  Program  Cross  Reference 
(Continued) 


SYMBOL 

VAL'IE 

REL 

OEFN 

REFERENCES- 

VT065 

FFBF 

0 

1152 

65R 

VT066 

FFBF 

0 

1153 

8 7R 

VT067 

«=FBO 

0 

1154 

90K 

97088 

FFBC 

0 

1155 

93R 

VI  069 

FFBB 

0 

1155 

95H 

VT071 

FFB9 

0 

1081 

969M 

978R 

VT07R 

FFB8 

0 

1082 

971M 

974R 

VT073 

FFB7 

0 

108  3 

973M 

1003R 

VT076 

FFB6 

0 

1084 

520M 

582R 

VT075 

FFB5 

0 

1159 

9 7R 

VT076 

FFB4 

0 

1160 

99R 

VT077 

FFB3 

0 

1161 

102R 

VT078 

FFB2 

0 

1162 

105R 

VT079 

F£Bl1- 

0 

1169 

VT080 

FFBO 

0 

1 170 

460M 

VTOfil 

FFAF 

0 

108.; 

1056M 

1061 M 

VT082 

FFAE 

0 

1086 

lllR 

VT583 

FFAD 

0 

1087 

113R 

VT08A 

FFAC 

0 

1163 

115R 

vioas- 

FFAB 

_s>.- 

.1164  . 

U7R 

VT086 

FFAA 

0 

1165 

119R 

VT087 

FFA9 

0 

1166 

121R 

VT088 

FFAS 

0 

1167 

123R 

VT0P9 

FFA7 

0 

1168 

125R 

VT090 

FFA6 

0 

1171 

462M 

VT097 

FF9F 

0 

1093 

438R 

444  R 

VT102 

FF9A 

0 

1091 

364R 

3 70R 

VT108 

FF94 

0 

1092 

835R 

846  R 

VT128 

0001 

0 

1090 

508R 

663R 

VT157 

00  IE 

0 

1068 

128R 

148R 

VT162 

0023 

0 

1098 

796M 

VT163 

0024 

0 

1099 

■ 798H 

VT164 

0025 

0 

1 100 

800M 

VT165 

0026 

0 

1101 

80 2H 

VT166 

0027 

0 

1102 

804M 

VT167 

0028 

0 

1103 

80  6M 

VT168 

0029 

0 

1104 

8C8N 

VT169 

002 A 

0 

1105 

810M 

VT170 

002D 

0 

1106 

812M 

VT171 

00  2C 

0 

1107 

81 4H 

VT172 

0020 

0 

1 108 

816M 

VT173 

OOZE 

0 

1109 

B18M 

VT176 

00  2F 

0 

1110 

B20N 

VT175 

00  30 

0 

ill! 

822M 

VT176 

0031 

0 

1112 

824M 

vTieo 

00  35 

0 

1089 

981M 

985M 

VT196 

0045 

0 

1115 

8 34M 

VT197 

0046 

0 

1116 

B38M 

VT198 

004  7 

0 

1117 

842M 

VT199 

0048 

0 

1118 

852M 

VT20Q 

0049 

0 

1119 

856M 

VT201 

004A 

0 

1120 

09  5H 

VT202 

004B 

0 

1121 

826M 

VT203 

•004C 

0 

1122 

470M 

VT206 

0040 

0 

1123 

912M 

VT205 

004  E 

0 

1124 

940M 

VT206 

004F 

0 

1113 

947M 

VT207 

0050 

0 

1114 

953M 

WEFL 

0368 

1 

739 

700N 

725M 

979R  995R 

97DR 

596R  998K  lOObM  1009M  1049R 


1071M 


375R 

387R 

392R 

512R 

839R 

849R 

6 73R 
158R 

683R 

170R 

708R 

182R 

745R 
50  9R 

832R 

831R 

1047R 

1050R 

986R  990H  992R  lOOOR  1025R  10  32R 


76ir-:  782R 


10A2M 


195 
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Table  B-12.  Hcaeywell  Control  Program  Cross  Reference 
(Concluded) 


SYMBOL 

VALUE 

REL 

DEFN 

REFERENCES- 

WEFM 

0369 

1 

740 

702M 

72  7M 

76  ?M 

785R 

HEFN 

040A 

1 

872 

6 TOM 

KHoa 

801R 

jaiip 

WEFl 

1 

205 

19M 

669R 

699R 

MEF2 

0139 

1 

255 

29M 

701R 

724R 

MEF3 

016F 

1 

302 

39M 

726R 

760R 

WEF4 

1 

349 

49M 

679R 

7o2R 

MFNNN 

0415 

1 

883 

987R 

98  9R 

WFNNl 

OlOB 

; 

217 

MFNN2 

0144 

1 

267 

UFNN3 

017A 

1 

314 

. WFMN4 

OIBO 

1 

361 

WFNOO 

0460 

1 

966 

977M 

WTPN 

0411 

1 

879 

95  6R 

MT‘-1 

0107 

1 

213 

68M 

MTF2 

0140 

1 

WTF3 

0176 

1 

310 

94M 

WTF4 

OlAC 

1 

357 

106M 

XRl 

0509 

1 

1079 

3M 

XT4 

01F4 

1 

417 

46wM 

':A6R 

458R 

459ri 

46  7R 

XT40 

01F6 

1 

420 

^6N 

451M 

452R 

463R 

XT40i 

01F8 

1 

423 

437M 

4S3R 

464H 

YNMl 

04A8 

1 

1014 

1026M 

1037R 

1041H 

HMECT 

omp  function  completed 

♦STORE 

MNECT 

HMECT 

mp  FUlfCTlON  COHPLET60 
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Table  B-13.  Bendix  Bounds  Program 

//  jOa  VDISr  17  JUL  7<i:  15.768  HRS 


//  DHP  17  JUL  74 

♦DELETE 

15.766  HRS 
GTECT 

nUP  FUNCTION  COMPLETED 

//  ASM  GTECT  17  JUL  74  15.769 

♦OVERFLOW  SECTORS  ,,,9 

♦LIST 

♦7,  REF 

♦ONE  WORD  INTEGERS 

HRS 

HWEOOOIO 

HWE00020 

HWE00030 

HWE00040 

MMEfinnsn 

♦COMMON  !OUMY(127) 

0000  078C50E3 
0000  0 0000 

0001  Q1  6D000568 
0003  01  bEC0056A 
0005  01  6FQQQ5EC  . 

si  VTOO.  JDUMVa27», 
r ENT 

2 GTECT  OC 

3 STX 

4 STX 

I JiO>MEAST(64) ,IASCW(2) 
GTECT 
♦-* 

LI  XP.l+i 
L2  XR2+1 

HWE00060 

HWEOOO  70 
HHEOOOaO 
HU£0Q09O 
HWEOOlOO 
HwFnni in 

0007  03  67C0FEC0 
0009  03  6600FF8C 
OOOB  OC  6SOOOOOC 
0000  0 C03F 

6 * 

7 

8 
9 

10 

IL  * 

LOX 

LOX 

LDX 

LO 

L3  MEAST-63  

12  IVTOO 
LI  0 
=0 

HWE00120 
HHE00130 
HWE0014U 
HWE00150 
HWE00160 
HW EDO  170 

OOOE  01  4C000147 

12 

B 

L START 

HWE00180 

O' 

13  RSTAL 

EfiU 

♦ RES.EI.  ALL  DIGITAL 

ADJUST.  HHEDDISD-- 

0010  C C03E 

14 

LD 

STOOl 

HWE00200 

O'.Ui  0 D2FF 

15 

STO 

2 V.T001  

HWE0Q210 

'''U2  0 C030 

16 

LO 

ST002 

HWE00220 

0 n?FF 

17 

STO 

2 VT002 

HWE0Q23n 

0014  0 C03C 

18 

LD 

ST003 

MWE00240 

0C15  0 J3.2FO 

19 

ilD. 

...  L ..V.TflOa  - - - 

. HHED02SO.. 

0016  0 C03B 

20 

LO 

ST004 

HWE00260 

001?  0.  D2fC, 

21 

STO 

-2VrD0-4  _ 

HWEOfllTD. 

0018  0 C03A 

22 

LD 

ST005 

HWE00280 

0C19  0 D2FB 

23 

STd 

2 VT005 

HWFD0290 

OOIA  0 CL39 

24 

LD 

ST006 

HW200300 

OOIB  0 CJF> 

.-.-25 - 

STO 

2 .V.jDQ6 

- .HMEQ051£L- 

OOlC  0 C038 

26 

LD 

ST007 

•HI"' £00  320 

0010  0 C2F9 

27 

STO 

2 VT007 

HVE00330 

OOIE  0 C037 

28 

LO 

ST038 

HWE00340 

001*:  0 or;' 8 

?9 

STO 

2 V’'008 

HWE00350 

0020  0 C036 

30 

L^ 

ST009 

HWE00360 

002  L 0 02F7 

3> 

SO 

2 VT009 

HHEOOjTO 

C022  0 C035 

32 

LD 

STCIO 

HWE00380 

0023  0 D2=6 

33 

STO 

; w-ir 

HWE00390 

"024  0 0034 

34 

LO 

STOI. 

HWE00400 

0025  0 02E5 

35 

STO 

2 VTOl? 

■IWE00410 

nOio  •'  C033 

36 

LO 

ST012 

HWE00420 

0027  0 D2F4 

3V 

STO 

2 VTOl 2 

HHEOO'.J? 

0028  C C032 

38 

LO 

STC13 

HWE00440 

0029  C D2F3 

39 

STO 

2 VT013 

HHF00450 

002A  0 C031 

40 

LO 

ST014 

HME00460 

0"25  0 D2F2 

41 

5 VO 

2 VTC14 

HHE00470 

002C  0 C030 

42 

LD 

ST015 

HWE00480 

0020  0 C2E1 

43 

STO 

2 VT015 

HHE00490 

002E  0 C02F 

44 

LD 

ST016 

HWE00500 

O'JPF  0 02F0 

45 

STO 

2 VT016 

HWE00510 

0030  0 C02E 

46 

LO 

ST017 

HWE00  520 

0031  C-  D2EF 

47 

STO 

2 VTOl 7 

HWE00530 

0C32  0 C02C 

48 

LO 

ST018 

HWEO054O 

0033  0 02EE 

4 9 

STO 

2 VTOl 8 

HWF00550 

0034  0 C02C 

Cll 

LD 

ST019 

HW,:0C560 

. - 
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Table  B-13,  BendLx  Bounds  Program  (Continued) 

. . )7  JUL  7A  PAGE  00  2 


0035  0 

02ED 

51 

STO 

2 

VT019 

HWE00570 

0036  0 

C02B 

52 

LC 

ST020 

HWE00580 

0037  0 

D2EC 

S3 

STO 

2 

VT020 

HWE00590 

0038  0 

C02A 

_54 

LD 

5T021 

HWE0Q6CD 

0039  0 

D2EB 

55 

STO 

2 

VT021 

HWE00610 

003A  0 

C029 

36 

_ . LS. 

_ST0l12 

.ii.w£a.a62o 

00  3B  0 

02EA 

57 

STO 

2 

VT022 

HWE00630 

003C  0 

C028 

58 

LO 

ST023 

HWE00640 

003D  0 

02E9 

59 

STO 

2 

VT023 

HWE00650 

003E  0 

C027 

60 

to 

ST024 

HWEOO 660 

003F  0 

02E8 

61 

STO 

2 

VT024 

HWE00670 

OOAO  0 

C026 

62 

to 

ST025 

HWE00660 

0061  0 

D2E7 

63 

STO 

2 

VT025 

HWEOO 690 

0042  0 

C02S 

64 

to 

ST026 

HWEOO  700 

0043  0 

D1.F6 

65 

STO 

2 

VT026 

HWE00710 

0044  0 

C024 

66 

LO 

ST027 

HWEOO 720 

0045  0 

D2E5 

67 

STO 

2 

VT027 

HWEOO 730 

0046  0 

C023 

6B 

LO 

ST02B 

HWEOO 740 

0047  0 

D2E4 

69 

STO 

2 

VT028 

HWEOO 750 

0048  0 

C022 

70 

LO 

ST029 

HWEOO 760 

0049  B D^f3 

^1 

STO 

2 

VT029 

HWEOO 770 

004A  0 

C021 

72 

LD 

STO  30 

HWEOO 780 

0046'(T' 

0ZE2 

7J 

STO 

2 

VT030 

HW'6o6T90 

004C  0 

705C 

74 

B 

STTVT 

HWEOO  800 

t J 

LQh'f- 

HWEOO BIO 

0040  0 

0000 

76 

+ OC 

0 

■' 

”77 

« 

SPEED  CONTROL  FIGlD-3t4 

HWEOO 820 

004  E 0 

0000 

78 

STOOO  OC 

0 

SPEED  TRIM 

HWE00830 

O04'P"7T 

'oootr 

5T001  DC 

0 

IDLE 

HWEOO 840 

0050  U 

0000 

80 

ST002  OC 

0 

MAX 

SPEED  TRIM 

HWEOO 850 

0051  0 

"^0 

81 

STd'03“bf 

20000 

HWEOO 860 

0052  0 

0000 

82 

ST004  DC 

0 

BRANCH  COMMAND  64+ 

HWEOO 870 

0053  0' 

To56 

'"8'3"' 

■ "SToos  OC 

4096 

N INTEGRATION  INC 

HWE00B80 

0054  0 

1368 

84 

STO.,  nc 

5000 

N INT  PRESS  CAIN 

HWEOO 890 

00 55  O' 

■fooo 

85 

stb07  OC 

-4096 

N INT  DECREASE 

HWE00900 

0056  0 

EC  78 

86 

ST008  OC 

-5000 

N INT  DEC  PRESS  GAIN 

HWE00910 

9T 

TT  - ' ■ 

hwEq6'92o 

88 

FIGlO-5 

PROP. 

TEMPERATURE  CONTROL 

HWE00930 

6057  0' 

"0606 

' " 89 

ST009  OC 

d 

SPEED  CONTROL  STLECT ION" 

HWE0O94O 

005  3 0 

2AF8 

90 

STO  10  r.T 

11000 

HWE00950 

■ 6059'B 

B OOB  ' 

91 

STOll  OC 

0 

2ERD 

FLOW  ADJUST 

HWe0O96O 

92 

« 

HUNEYMELL  ST 

VALUES 

005A  0 

F290 

”93' 

94 

6 

STOl?  OC 

-3440 

N 

GAIN  I50,E) 

OOBB'O 

0207 

95 

STO  13  or. 

519 

NF 

(50  .E) 

005C  0 

0992 

96 

STO 14  OC 

2450 

PT3 

BOND  (50  ,P) 

005D  0 

OIBO 

97 

ST015  OC 

432 

EN 

GAIN  (50  tE) 

005E  0 

FB20 

98 

ST016  OC 

-2016 

N 

GAIN  (70  .E) 

QU5F  0 02B5 

' 99 

■ ”STO'iT"OC 

693 

“WF“ 

(70  ,ET 

0060  0 

OF  AO 

100 

STO 18  OC 

4000 

PT3 

BOND  (70  ,P) 

0061  0 

0190 

lOl 

STO  19  OC 

400 

EN 

GAIN  (70  ,E> 

0062  0 

FB60 

10  2 

ST020  OC 

-1952 

N 

GAIN  (85  ,EI 

0063  0 

03  A6 

103 

STOZl  DC 

934 

MF 

(85  tE) 

0064  0 

109r, 

104 

ST022  DC 

6300 

PT3 

BOND  (85  ,PI 

0065  0 

0380 

105 

St0  23  OC 

896 

EN 

GAIN  (85  tE) 

106 

* 

107 

* 

END  MOr'EYMELL  ST  VALUES 
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Table  B-13.  Bendix  Bounds  Program  (Continued) 

17  JUL  7A 


0066  0 
0067  0 
006B  0 

1770 

A240 

4000 

108 

109 

110 
111 
112 

_ .. 

* 

ST024  OC 
ST025  DC 
ST026  DC 
♦ 

6000 

-24000 

16364 

ZERO  N RATIOS^  intercept  HWE0U40 

BACK  SLOPE  SPEED  BREAK  PT  HWEOllSO 

h"wE01170 

JlGURElO-a  RATIOS  INTEGRAIlDNHWEOliaO 

0069  0 

7FF8 

114 

ST027  DC 

32760 

006A  0 

0000 

115 

ST028  DC 

0 

00  6B  0 

0000 

116 

ST029  OC 

0 

MINIMUM  RATIOS  SLOPE 

MWEOlZiO 

006C  0 

5014 

117 

ST030  OC 

20500 

MINIMUM  RATIOS  LEVEL 

HWE0122D 

00  6D  0 

0000 

118 

ST031  DC 

0 

HWE01230 

006E  0 

7FF8 

119 

ST032  DC 

32  760 

VALVE  HAKIHUH  PD^lTlQN 

HWE01240 

006F  0 

0000 

120 

ST033  OC 

0 

VALVE  MINIMUM  POSITION 

HWc01250 

0070  0 

25A8 

121 

ST034  DC 

9640 

0071  0 

0A5A 

122 

ST035  DC 

2650 

123 

* 

124 

HONEYWELL 

ST  values 

i25.. 

00  72  0 

0640 

126 

STD 36  DC 

1600 

0073  0 

0640 

127 

ST037  OC 

1600 

00  74  0 

56  70 

128 

ST038  OC 

22141 

0075  0 

0010 

129 

ST039  OC 

16 

0076  0 

FOAO 

130 

ST040  or 

-'3936 

N GAIN  I100,E) 

0077  0 

06  70 

131 

ST04l_.DC 

1648 

WF  (.100  tEI 

00  78  0 

1FA4 

132 

ST042  OC 

3100 

PT3  BONO  (lOOfPI 

0079  0 

0930 

133 

ST043  DC 

2352 

EN  GAIN  (ino,E) 

00  7A  0 

2200 

134 

ST044  DC 

8912 

PT5  GAIN  (50  T) 

0078  0 

FB66 

135 

ST045  OC 

-1178 

PT3  GAIN  (50  T) 

00  7C  0 

F970 

136 

ST046  OC 

-1680 

T4‘W  GAIN  (50  t» 

0070  0 

0340 

137 

ST047  OC 

832 

ET  CAIN  (50  T) 

00  7E  0 

0288 

138 

ST048  OC 

651 

WTF  (50  T» 

007F  0 

3A80 

139 

ST049  OC 

14976 

PT5  ^AiN  (70  U. 

0080  0 

6009 

140 

ST05O  DC 

24565 

PT3  GAIN  (70  T) 

141 

142 

♦ 

END  HONEYWELL  St  VALUES 

143 

144 

* 

HWE01460 

145 

* 

FIGURElO-12  IGV  G BLEED  CONTR 

HWE01470 

0081  0 

0000 

146 

ST05i  OC 

0 

LOW  N TRIM  OF  IGV 

HWE01480 

0082  0 

3E80 

147 

ST052  OC 

16000 

HIGH  N trim  OFIGV 

HWE01490 

00  83  0 

0000 

148 

ST053  OC 

0 

LOW  N TRIM  OF  BLEEDS 

HWE01500 

0084  0 

3E80 

149 

ST054  OC 

16000 

HIGH  N trim  OF  BLEEDS 

HWEO1510 

150 

* 

HWE01520 

151 

* 

FIGURElO-14  NOZZLE  CONTROL 

HWE01530 

00  85  0 

105E 

152 

ST055  OC 

4190 

NOZZLE  FLAT 

BEN01530 

0086  0 

4008 

153 

ST056  OC 

16600 

T5  REQUEST 

HWE01550 

0087  0 

4000 

154 

ST057  OC 

16384 

T5  CONTROL  GAIN 

HWE01560 

0086  0 

0000 

155 

ST058  OC 

0 

HWE01570 

0089  0 

0000 

156 

ST059  OC 

0 

HWE01580 

008A  0 

0000 

15  7 

ST060  OC 

0 

HWE01590 

0088  0 

F7CE 

158 

ST061  DC 

-2098 

T4W  GAIN  (70  T1 

008C  0 

0410 

159 

ST062  OC 

1040 

ET  GAIN  (70  T) 

00  80  0 

03E8 

160 

ST063  OC 

1000 

WTF  (70  T) 

008E  0 

EA90 

161 

5T064  OC 

-5488 

PT5  GAIN  (85  T‘ 

00  OF  0 

1088 

162 

ST065  DC 

4235 

PT3  GAIN  (85  Tl 

0090  0 

F A95 

16  3 

ST066  OC 

-1387 

T4W  GAIN  (85  T» 

00  «l  0 

04  AO 

164 

ST067  OC 

1184 

ET  GAIN  (85  T 
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0092  0 

0093  0 

0094  0 
009  5 0 

0096  0 

0097  0 

0898 

17EF 

0000 

0000 

0000 

0000 

165 

166 
167 
16  8 

169 

170 

ST068  OC 
ST069  OC 
ST0  70  OC 
ST071  OC 
ST0  72  OC 
ST07B  OC 

2200 

6127 

0 

0 

0 

0 

WTF 

PT5 

(85 

GAIN 

T) 

(IQO  T) 

00  9S  0 
0099  0 
00  9A  0 
0O9B  0 
009C  “0 
009D  0 

0000 

0F6E 

FFCO 

06C0 

CbBB 

0000 

171 

172 

173 

174 

175 

176 

ST074  OC 
ST075  DC 
Sf076  OC 
ST077  CC 
S TO  78  DC 
ST079  OC 

0 

-8338 

-64 

1728 

3000 

0 

PT3 
T4W 
6T  1 
HTF 

gain 
GAIN 
gain 
( 100 

(100  T) 
(100  T) 
(100  T> 
T) 

009E  0 

0000 

177 

ST080  OC 

0 

009P  0 

0000 

178 

ST081  OC 

0 

OOAO  0 

299A 

179 

ST082  oC 

10650 

OOAl  0 

2666 

130 

ST083  OC 

9830 

OOA2  0 

30AC 

181 

ST0B4  OC 

12460 

00A3  0 

2EE0 

182 

ST0S5  OC 

12000 

00A4  0 

050C 

183 

S 1066  7C 

1500 

OOAS  0 

C-690 

184 

ST087  OC 

1680 

00A6  0 

0898 

185 

STOeP  OC 

2200 

OOA7  0 

0B54 

186 

ST089  LC 

2900 

OOAS  0 

0000 

187 

ST090  OC 

0 

00A9 

188 

. _STTVT  ecu 

« 

HWE01600  , 

OOA9  0 

C0C3 

189 

LO 

ST031 

Hweo  1610 

OOAA  0 

02E1 

190 

STO 

2 VT031 

HWE01620 

OOAS  0 

C0C2 

191 

LO 

ST032 

HWE01630 

OOAC  0 

0260 

192 

STO 

2 VT032 

HWEO  1640 

OOAO  0 

COCl 

193 

LO 

ST033 

HWEO  1650 

OOAS  0 

02DF 

194 

STO 

2 VT033 

HWEO  1660 

OOAP  0 

COCO 

195 

LO 

STO  34 

HWEO  1670 

OOBO  0 

0206 

196 

STO 

2 VT034 

HWF01680 

Offer  6 

eo6F 

197 

LO 

ST035 

HWEO 1690 

00B2  0 

0200 

198 

STO 

2 v'T035 

HWEO  1700 

0083  0 

COBE  

• - 

LO 

ST03S 

HWEO  1710 

00B4  0 

020C 

200 

STO 

2 VT036 

HWEO  1720 

oOB3  0 

C7JB15 

■’01 

Lb 

ST037 

HWEOTT3O 

00B6  0 

D2DB 

2<.  2 

STO 

2 VT037 

HWEO  1740 

ouero' 

C13BC  - 

20.'”" 

TB  “ 

ST638 

HWEO  1750 

0088  0 

D20A 

204 

STO 

2 VT038 

HWEO  1760 

0089  0 

COBB 

205 

LO 

ST039 

HWEO  1770 

OOBA  0 

0209 

206 

STO 

2 VT039 

HWEO  1780 

OObb  0 

COBA 

207 

LO 

ST040 

HWEDIT’O 

OOBC  0 

0208 

208 

STO 

2 VT040 

”tr.E01800 

00  BD  0 

C0B9 

209 

LO 

ST041 

HWEOISIO 

OOBE  0 

0207 

210 

STO 

2 VT041 

.HWEO  1820 

00  BF  0 

COBS 

211 

LO 

ST042 

HWF01B30 

OOCO  0 

0206 

212 

STO 

2 VT042 

HWEO  1840 

uoms" 

£067 

213 

TB“ 

rTd4T 

HWEO  1850 

00C2  0 

0205 

214 

STO 

2 VT043 

HWEO  I860 

00C3  0 

C0B6 

215 

LO 

ST044 

HWEO  1870 

00C4  0 

0204 

216 

STO 

2 VT044 

HWEO  1 830 

OOC!  0 

COBB 

217 

LO 

ST045 

HWEO  1890 

00C6  0 

0203 

218 

STO 

2 VT045 

HWEO  1900 

■ffffCT'5' 

CM4 

215 

LO 

"TT046 

HWEO  1910 

00C8  0 

0202 

220 

STO 

2 VT046 

HWEO  1920 

OOC  9 0 

C0B3 

221 

LO 

ST047 

HWEO  1930 
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COCA 

0 

0201 

222 

STO 

2 

VT047 

HWE01940 

OOCB 

0 

COB2 

223 

LO 

ST048 

HWE01950 

00  CC 

0 

0200 

2 24 

STO 

2 

VT048 

HWE01960 

0X0 

0 

GOBI 

225 

LD 

ST049 

HWE01970 

OOCE 

0 

02CF 

2 26 

STO 

2 

VT049 

HWE019S0 

OXF 

0 

COBD 

227 

ID 

ST050 

HUEQJ.99Q 

0000 

0 

02CE 

2 28 

STO 

2 

VT050 

HWE0200O 

0001 

0 

GOAF 

22S 

LO 

ST051 

HUE02010 

00  02 

0 

02G0 

2 30 

STO 

2 

VT051 

HWE0  20  20 

0003 

0 

GOAE 

231 

LD 

ST052 

HHE02030 

0004 

0 

D2CG 

2 32 

STO 

2 

VT052 

HWE02040 

0005 

0 

GOAD 

233 

LD 

ST053 

. MU1020.50 

0006 

0 

02CB 

2 34 

STO 

2 

VT053 

HWEO  20  60 

0007 

0 

COAG 

235 

LD 

. T054 

HWE0Z070 

0008 

0 

02CA 

2 36 

STO 

2 

\ TO  54 

HWEO  20  SO 

0009 

0 

G0A6 

237 

LD 

ST055 

HWEO  2090 

OOOA 

0 

D2C9 

2 38 

SiO 

2 

VT055 

HWE02100 

0008 

0 

COAA 

239 

U 

-STC15.6  . 

HW.E021iD. 

00  X 

0 

02C8 

240 

STC 

2 

VT056 

HWEO  2 120 

0000 

0 

C0A9 

241 

LD 

ST057 

HWE02130 

OOOE 

0 

D2C7 

242 

STO 

2 

VT057 

HWE02140 

OODF 

0 

COAB 

243 

LD 

ST058 

HHE02150 

OOEO 

0 

02C6 

244 

STO 

2 

VT05B 

HWEO  2 160 

0061 

0 

C0A7 

24>. 

LO 

5T059 

HWE0217D 

00  E2 

0 

02CS 

246 

STO 

2 

VT059 

HWE02180 

00E3 

0 

C0A6 

247 

10 

ST060 

HWE02190 

OOE4 

0 

02C4 

248 

STO 

2 

VT060 

HWE02200 

00E5 

0 

C0A5 

249 

LO 

STOel 

00E6 

0 

02C3 

2 50 

STO 

2 

VT061 

oq,E7 

0 

C0A4. 

. 251 

LO.  .. 



0068 

0 

02G2 

252 

STO 

2 

VT062 

0069 

0 

C0A3 

25  3 

LO 

ST063 

006A 

0 

D2C1 

2 54 

STO 

2 

VT063 

OOEB 

0 

C0A2 

25  5 

LO 

ST064 

00  EC 

0 

02C0 

2 56 

STO 

2 

VT064 

OOEO 

0 

COAl 

25  7 

LO 

ST065 

0066 

0 

02BF 

258 

STO 

2 

VT065 

OOEF 

0 

COAO 

259 

LO 

ST066 

OOFO 

0 

D28E 

260 

STO 

2 

VT066 

OOFl 

0 

C09F 

261 

LD 

ST06  7 

00F2 

0 

02B0 

262 

STO 

2 

VT067 

00F3 

0 

C09E 

26  3 

LD 

ST068 

00F4 

0 

D2BC 

264 

STO 

2 

VT068 

OOFS 

0 

C090 

26  5 

LD 

ST069 

OOFS 

0 

02BB 

266 

STO 

2 

VT069 

00F7 

0 

C09C 

26  7 

LO 

ST070 

OOFS 

0 

D2BA 

268 

STO 

2 

VT070 

00F9 

01 

G400009S 

26  9 

LD 

L 

ST071 

OOFB 

0 

02B9 

2 70 

STO 

2 

VT071 

OOFC 

01 

G4000096 

271 

LO 

L 

ST072 

00  FE 

0 

D2B8 

272 

STO 

2 

VT072 

OOFF 

01 

C4000097 

27  3 

LO 

L 

ST073 

0101 

0 

02B7 

274 

STO 

2 

VT073 

0102 

01 

C4000098 

275 

LO 

L 

ST074 

0104 

0 

D2B6 

2 76 

STO 

2 

VT074 

0105 

01 

o 

o 

o 

o 

o 

277 

LO 

1 

ST075 

UlUf 

u 

U2b5 

2 /a 

STu 

VTo/5 

201 


4 
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0108 

01 

C400009A 

279 

LO 

L 

ST076 

OlOA 

0 

02B4 

280 

STO 

2 

VT0  76 

OlOP 

01 

C400009B 

281 

LO 

L 

ST077 

OIOD 

0 

02B3 

26  2 

STO 

2 

VT077 

OlOE 

01 

C400009C 

283 

LO 

L 

ST07Q 

OUO 

0 

0282 

284 

STO 

2 

VT078 

Olll 

01 

C400009D 

285 

LO 

L 

STC79 

□ 113 

0 

0281 

286 

STO 

2 

VT079 

0114 

01 

C400009E 

2 87 

LO 

L 

STO  80 

0116 

0 

0280 

288 

STO 

2 

VTOBO 

0117 

01 

C400009F 

289 

. 0 

L 

ST081 

0 119 

0 

02AF 

290 

STO 

2 

V1081 

OllA 

01 

C40000AO 

291 

LO 

L 

STO  82 

one 

0 

02AE 

292 

STO 

2 

VT082 

OllD 

01 

C40000A1 

293 

LO 

L 

ST083 

OllF 

0 

02AD 

294 

STO 

2 

VT083 

0120 

01 

C40000A2 

295 

LO 

L 

ST084 

0122 

0 

□ 2AC 

296 

STO 

2 

VT084 

0123 

01 

C40000A3 

2 97 

LO 

c 

Sf085 

0126 

0 

D2AB 

298 

STO 

2 

VT085 

0126 

01 

C4000UA4 

2 99 

LO 

1. 

STO  86 

012  8 

0 

D2AA 

300 

STO 

2 

VT086 

0129 

01 

C40000A5 

301 

LO 

L 

ST087 

0128 

0 

D2A9 

302 

STO 

2 

VT087 

012C 

01 

C40000A6 

303 

LO 

L 

ST088 

012E 

0 

D2A8 

304 

STO 

2 

VT088 

012F 

01 

C40000A7 

305 

LO 

L 

ST089 

013  1 

0 

D2A7 

306 

STO 

2 

VT089 

0132 

01 

C40000A8 

307 

LO 

L 

ST090 

0134 

0 

02A6 

308 

STO 

2 

VT090 

0135 

0 

7054 

309 

8 

0AC4f 

BRANCH  fb'bACV 

OUTPJT 

LOOP  HHE02210 

310 

* 

HWE02220 

0136 

0000 

311 

CEON 

BSS 

E 

0 

HWe022M 

0136 

0 

0000 

312 

OC 

0 

HWF02240 

0137 

0 

E401 

313 

OC 

/E401 

■ HWE02250 

314 

<> 

DIGITAL  ADJUSTMENT 

HWE02260 

0138 

0000 

315 

01  V64 

BSS 

E 

0 ' 

HWE02270 

0138 

0 

0000 

316 

DC 

0 

HWE022B0 

0139 

0 

5F40 

317 

OC 

/5F40 

HWE02290 

318 

♦ 

SAFETY  RESET  DIGITAL 

WORD 

HWE02300 

013A 

0000 

319 

01  V40 

BSS 

E 

0 

HWE023id 

013A 

0 

0000 

320 

OC 

0 

HME02320 

01  3B 

0 

DF40 

321 

OC 

/DF40 

HWE'0233b 

322 

* 

HWE02340 

01 3C 

0000 

323 

0D7E 

BSS 

E 

0 

HME02350 

013C 

1 

013E 

324 

OC 

VALUE 

HWE02360 

013D 

0 

617E 

325 

OC 

/617E 

HWE02370 

326 

« 

HWE02380 

013E 

0 

0000 

327 

VALUE 

OC 

*-*  ' 

HWE62'39b  ■ 

013F 

0 

0000 

328 

NUM 

DC 

*-• 

HWE02400 

0140 

0 

0000 

329 

TMNR 

DC 

4-* 

HWE02410 

0141 

0 

003  2 

330 

TRIMS 

OC 

50 

HWE02420 

0142 

0 

0000 

331 

TEMP3 

OC 

HWE02430 

0143 

0 

0000 

332 

TEMP4 

DC 

HWE02440 

0144 

0 

0000 

333 

TEMPS 

OC 

HW‘Fb2  4 50  ' 

0145 

0 

0000 

334 

OK  OUT 

OC 

4—* 

HWE02460 

0146 

0 

0000 

335 

0K2OT 

dc 

4-4 

HWE024Vn 

202 


i 


I 


I I 


m 
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336 

obtain  input 

data 

HWE02480  i 

0147 

337 

START 

EOU 

HWE02490  1 

0147  b 

08EE 

338 

XIO 

CEQN 

HWE0Z500  i 

339 

♦ 

DIGITAL  ADJUSTMENTS 

HWE02510 

0148  0 

08EF 

340 

XIQ 

DIV64 

HWE02520  i 

-JU49.-Q1. 

■ E40001E4  341  .. 

AND 

L 

-/7F80 

HWE02540  ( 

0148  0 

D2A2 

342 

STO 

2 

VT094  DIGITAL 

adjustment 

HWE02530 

0L4C  0 

1807 

343 

SR  A 

7 

HHE02550  i 

0140  0 

OOFl 

344 

STO 

NUM 

HWE02560 

014E  01 

940001ES 

345 

S 

L 

-127 

HWE02570  : 

0150  0 

00  EF 

346 

STO 

TMNR 

HWE02580  1 

.--(U5-UU 

4C300A51 

,347 

BP 

PLUS 

HHE02590  1 

0153  01 

C4000040 

348 

LD 

L 

-0 

UR EO 2 600  1 

0155  0 

90E9 

349 

S 

NUH 

HWE0Z6ir'  1 

0156  0 

00E9 

3 50 

STO 

TMNR 

HWE02620  ! 

0157  01 

65800140 

351 

PLUS 

LDX 

11 

1MNR 

HWE02630  i 

0159  03 

C500FF80 

3 52 

LO 

LI 

IVTOO 

HWE02640  ; 

OISB  0 

00E2 

35  3 

STO 

VALUE 

HWE026S0 

015C  6 

bOE6 

354 

STO 

TEMP4 

HWE02660  ; 

0150  01 

4C3001  5 

35  5 

BP 

ROOUT 

HWE02670  1 

015F  01 

C400i>  0 

3 56 

LD 

L 

-0 

HME026B0  i 

0161  0 

90DC 

357 

S 

value 

HWE02690 

C162  01 

EC0001E6 

3 58 

OR 

L 

»/8000 

HWE02700 

0^64  0 

.0009 

359 

STO 

VALUE 

HWE02710  i 

0165 

■ 360 

ROOUT 

ECU 

t 

HWE02720  i 

0165  0 

0806 

361 

XIO 

D07E 

HWE02730  1 

362 

VTXXX  VALUE 

output 

HWE02740 

36  3 

RESET  AMD  SAFETY 

HWE02750 

0166  0 

0803 

364 

XIO 

OIV40 

HHE02760 

016  7 0 

E07F 

365 

AND 

»/7FFF 

HWE02770 

0l68"'b' 

0009  " ~ 

■ 366 

STO 

TEHP3 

HME02780 

0169  0 

0298 

367 

STO 

2 

VTlOl 

HWE02790 

016&  0 

E070 

368 

AND 

*/4000 

HWE0  2800 

0168  01 

4C300010 

36  9 

BP 

RSTAL  RESET  ALL 

ADJUSTMENTS 

HWE02810 

370 

* 

SINGLE  ADJUSTMENT  OESET  ROUTINE 

HWE02820 

0J>0  0 

C290 

37  1 

LO 

2 

VT099 

HWEO203O 

016E  0 

9000 

372 

S 

NUM 

HME02840 

016F  01 

4C1801’ 

37  3 

BZ 

RSTSA 

HWE02850 

0171  0 

COCO 

374 

LD 

NUM 

HWE02860 

0172  0 

0290 

37  5 

STO 

2 

VT099 

HWE02870  1 

0173  0 

COCF 

376 

LO 

TEMP4 

HWE028B0  t 

01^74  0 

D29C 

377 

STO 

2 

VTIOO 

HWE02890  ■ 

0175  0 

C29B 

378 

RSTSA 

LO 

2 

VTlOl 

HWE0  2900  ' 

0176  0 

E072 

379 

AND 

•/2000 

HWE02910 

0177  01 

4C18018A 

380 

BZ 

0AC4L 

HWE0  29  2C 

0179  0 

C0C5 

381 

LO 

NUM 

HWE02930 

01  7A  0 

906F 

382 

S 

-90  NUMBER 

UF 

adjustments 

HWE02940 

0178  01 

4C30018A 

38  3 

BP 

0AC4(_ 

HWE02950 

384 

♦KESET  ONLY  ONE  TRIM 

HWE02960 

0170  0 

C06D 

36  5 

LO 

=C 

HWE02970 

01  7E  0 

90C0 

386 

S 

NUM 

HWE02980 

017F  0 

DOC  4 

38  7 

STO 

TEMP5 

HWE02990 

0180  01 

6500004E 

380 

LDX 

LI 

STOOD 

HWE03000 

0182  01 

7580013F 

36  9 

MOX 

11 

NUM 

HWE0  30  10 

0184  0 

ClOO 

390 

1.0 

1 

0 

HWE030Z0 

0185  03 

6500FF80 

391 

LDX 

LI 

IVTOO 

HWEO‘030 

0187  01 

75800144 

392 

MOX 

11 

TEMPS 

HWFn3n4n 
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0189 

0 

0100 

393 

STO 

1 

0 

HWE0  30  50 

394 

• feNp  ReSET_J»LY^DJNE  JRia  . 

HHE03Q60 

395 

♦ 

DAC4 

OUTPUT 

HWE0  30  70 

OUA 

396 

0AC4U  nft.U_ 

* 

HWE03060 

01 8A 

0 

C29B 

397 

LP 

2 

VTlOl 

HWt0  3C90 

018B 

0 

E060 

398 

AND 

=/l000 

HWE03100 

018C 

01 

4C  180 190 

399 

B2 

0AC40 

HWE03110 

018E 

0 

COBl 

400 

LO 

THNR 

HME03120 

018? 

0 

0216 

401 

STO 

2 

VT149 

HWE0  3130 

402 

DAC4 

OUTPUT  ROUTINE 

HWE03140 

0190 

403 

DAC40  EQU 

tt 

HWE03150 

0190 

0 

C216 

404 

LO 

2 

VT149 

HHE03160 

“ 0191 

0 

00B3 

405 

STO 

OXOUT 

HWE03170 

0192 

01 

6580C145 

406 

LOX 

11 

OKOUT 

HWE03180 

0194 

03 

CSOOf-FBO 

407 

LO 

Ll 

IVTOO 

HWE03190 

0196 

0 

1881 

408 

SRT 

1 

HWEO  3200 

0197 

01 

04000589 

409 

STO 

L 

AL0G4 

HWE03210 

0199 

0 

0250 

410 

STO 

2 

VT220 

HWEO 3220 

411 

HWE03230 

412 

♦ 

OUTPUT  VTXXX  TO 

DAC  2 

HWEO  3240 

01 9A 

0 

C29B 

413 

LO 

2 

VTlOl 

HWE03250 

019B 

0 

E051 

414 

AND 

•/0800 

HWE03260 

019C 

01 

4C  1801  AO 

415 

BZ 

DAC20 

HWEO  3270 

416 

LO 

TMNR 

019F 

0 

0261 

417 

STO 

? 

VT224 

HWE03290 

418 

HWE03300 

01  AO 

419 

0AC2O  EQU 

« 

HWEO  33 10 

OlAO 

0 

C261 

420 

LO 
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Table  B-13.  Bendix  Bounds  Program  (Continued) 


1?  JUl  PAGE  013 


I 


02  9A  0 

0201 

678 

STO 

2 VT126 

HUE05600 

029B  q 

C2FC 

679 

LD 

2 VT0G4 

HWE05610 

02  9C  0 

905  E 

680 

S 

= 64 

HWE05620 

0290  01 

AC2802C2 

681 

BN 

SAHl 

HHE05630 

02  9F  0 

C2FB 

682 

LO 

2 VT005 

HHE0  5640 

_iafl9 

-663- 

SRT 

9 

HHFn5650 

02  A 1 0 

0206 

684 

STO 

2 VT133 

HHE05660 

02A2  0 

r2FA 

685 

LO 

2 VTOOt 

HHE05670 

02A3  0 

A268 

686 

H 

2 VT231 

HHE05680 

Q2AA  0 

ISBb 

687 

SRT 

6 

HWE05690 

688 

SELECT 

HIGH 

HUE0570C 

02A5  0 

6206 

689 

tMP  __2_VT133 

HWF057IO 

02A6  0 

7002 

690 

MOX 

#+2 

KUE05720 

02A7  0 

1000 

691 

NOP 

HHE05730 

02A8  0 

C206 

692 

LO 

2 VT133 

HHE05740 

02A9  0 

021A 

693 

STO 

2 VT153 

HHE05750 

02AA  0 

C2F9 

694 

LO 

2 VT007 

HUE05740 

02AB  0 

1889 

695 

SRT 

9 

HHE05770 

02  AC  0 

0207 

696 

STO 

2 VT134 

HHE05780 

02A0  0 

C2F8 

697 

LD 

2 vTooe 

HWE05790 

02AE  0 

A268 

6 98 

H 

2 VT231 

HHE05800 

02AP  0 

iB86 

699 

SRT 

6 

HWEO5810 

700 

* 

SELECT 

LOU 

HHE05820 

02B0  0 

6207 

70  ; 

CMP 

2 VT134 

HHE05830 

02B1  0 

C207 

702 

LD 

2 VT134 

HWE0  5840 

026i.  0 

-lO.QQ 

-NOf. 

HME0  5 650 

' 0263  0 

021B 

704 

STO 

2 V»154 

HHE05860 

02BA  0 

C201 

705 

. -LD 

2 VT128 

HHE05870 

0269  0 

9205 

706 

S 

2 VU32 

HHEOSaSO 

0266  0 0202 

JZ07. 

STO 

2 VT129 

HUFn5B90 

708 

SELECT 

LOW 

HHE05900 

62LA  . 

7fi9 

CMJ? 

. . .2  . ¥7153.  .. 

— .HME0  5.9.1D. 

02BB  0 

C21A 

710 

LO 

2 VT153 

HUE05920 

0269  0 

1000 

711 

NOP 

HHEO  5930 

02  BA  0 

020  3 

712 

STO 

2 VT130 

HHE0  5940 

713 

♦ 

SELECT 

HIGH 

HHE0595B 

0266  0 

B21B 

714 

CMP 

2 VT15V 

HWEO  5960 

02BC  0 

7002 

715 

Mu.X 

• ♦2 

HUEO  5970 

0260  0 

lOJO 

716 

NOP 

HWE05980 

0266  0 

C21B 

717 

LO 

2 VT154 

HWEO 5990 

026F  0 

D20A 

718 

STO 

2 VT131 

HHEO  6000 

02C0  0 

8205 

719 

ik 

2 VT132 

HWEO  60  10 

02C1  0 

7001 

7?,0 

6 

SAM2 

HWEO  60  20 

02C2  0 

C201 

721 

SABI  1.0 

2 VT128 

HHEO  60  30 

02C3  0 

0205 

722 

SA«2  sro 

2 VT132 

HHEO  60  40 

02CA  0 

C276 

723 

LD 

2 VT245 

HHEO  60 50 

02C5  0 

9036 

724 

c 

=12640 

HHEO  60  60 

02C6  0 

AOBA 

725 

M 

=20480 

HHEO  60  70 

02C7  0 

1081 

726 

SLT 

1 

HHEO  60  80 

02C8  0 

6034 

727 

A 

=15542 

HWEO 6090 

02C9  0 

D21C 

728 

STO 

2 VI 155 

HHEO 6100 

729 

♦ 

SlLECT 

LOU 

HHE06U0 

02CA  0 

B205 

730 

CMP 

2 VT132 

HHEO  61 20 

02CB  0 

C205 

’31 

LD 

2 VT132 

HHE06130 

02  CC  0 

1000 

732 

NCP 

HWE06140 

02CD  0 

0210 

733 

STO 

2 VT156 

HHEn6150 

734 

* 

SPEED  control 

HWE06160 

209 


Table  B>13.  Bendix  Bounds  Program  (Continued) 

17  JUL  74  PftGE  014 


02CE 

0 

C02F 

735 

LD 

“-1600 

HHE06170 

736 

SELECT  LOW  HW206ia0 

02  Cf- 

0 

3260 

737 

CMP 

2 VT236 

HME06190 

0200 

0 

f.260 

738 

LO 

2 VT236 

HWE06200 

02  01 

0 

1000 

739 

NOP 

HWE06210 

0202 

0 

821E 

740 

A 

2 VT157 

HWE06220 

02  03 

01 

4C28C209 

741 

BN 

NEGl 

SPEED  HWE06230 

0203 

0 

9029 

742 

S 

=800 

COMPARISON  HWE06240 

02  06 

01 

4C3002DC 

743 

BP 

POSl 

HWE06250 

0208 

0 

7007 

744 

B 

SAH3 

HWE06260 

02  09 

0 

8025 

745 

NEOl 

A 

=800 

HWE062  70 

020A 

01 

4C3002E0 

746 

BP 

SAH3 

HWE06280 

02  K 

0 

C26A 

747 

?0S1 

LD 

2 VT233 

HWE06290 

0200 

c 

A022 

748 

H 

=8873 

HWE06300 

02  oe 

0 

1000 

749 

SLT 

0 

HWE06-»10 

020F 

0 

7001 

750 

B 

SAH4 

HWE06320 

02  EO 

0 

C020 

751 

SAH3 

LO 

=21000 

HWE06330 

02E1 

0 

02iF 

752 

SAM4 

STO 

2 VT158 

HWE06340 

753 

HWE06350 

02E2 

0 

C2F7 

754 

LO 

2 VT009 

MWE06360 

02  E3 

0 

801E 

755 

A 

=-123 

HWE0o370 

02E4 

01 

4C3002F3 

756 

8P 

NOUT 

HWE06380 

02  E6 

0 

COIA 

757 

LD 

=21000 

HWE06390 

02E7 

0 

0235 

758 

STO 

2 VT180 

INPUT  POINT  OF  VALVE  POS  HWE06«<»0 

02  Ed 

0 

C2i0 

759 

LD 

2 Vtl56 

HWE06410 

02E9 

0 

921E 

760 

S 

2 VT157 

HWE06420 

02  £A 

0 

0220 

761 

STO 

2 VT159 

HWE0643U 

C2EB 

0 

A2F0 

762 

« 

2 VT003 

HWE06440 

02  EC 

0 

1082 

763 

SLT 

2 

HWE06450 

02ED 

0 

D221 

764 

sro 

2 VT160 

HWE06460 

02EE 

0 

C2F6 

765 

LO 

2 VTOlO 

HWE06470 

02EF 

0 

1882 

766 

SRT 

2 

HWE06480 

02  FO 

0 

8221 

767 

A 

2 VT160 

HMEU6490 

02FI 

0 

0222 

•*68 

STO 

2 VT161 

HWE06500 

02  F2 

0 

7004 

769 

B 

HFP3 

HWE06510 

770 

771 

* 

772 

7V3 

774 

775 

♦ 

CALL  HONEYWELL  CONTROL  PROG 

02F3 

u 

C097 

776 

NOUT 

LO 

=20000 

HWE06520 

02  F< 

0 

0222 

777 

~TTO 

2 VTT61 

HWE06530 

02F5 

30 

089850E3 

778 

CALL 

HMECT 

779 

780 

7*1 

78? 

723 

■*84 

02.-7 

785 

HFP3 

EOU 

* 

HWE06540 

02F7 

0 

7008 

786 

8 

G0Tu2 

HWE06650 

78-* 

LOBG 

HWE06560 

02F8 

0 

IFOE 

788 

+ 

cc 

7950 

02  F9 

0 

4C9E 

789 

+ 

oc 

16542 

02FA 

0 

1C2C 

790 

♦ 

DC 

7212 

02  F8 

0 

0040 

791 

r 

OC 

64 

210 
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Berdix  Bounds  Program  (Continued) 


17  JUL  74  PAGE  015 


02FC  0 

3160 

792 

♦ 

DC 

“ 

12640 

02FU  0 

3CB6 

793 

♦ 

DC 

15542 

02  FE  0 

F9C0 

794 

4- 

DC 

'lOOO 

oarF  0 

0320 

795 

4- 

DC 

800 

0300  0 

22A9 

796 

+ 

yc 

8873 

0331  0 

5208 

797 

DC 

210QO 

03  02  0 

FF85 

7 98 

* 

DC 

-i23 

0303 

799 

GOTQ2 

EQU 

)k 

HWE06570 

800 

THIS  FOLLOWS  BEN06220 

HWE0  6580 

801 

TEMPERATURE  TRACK  COMPUTE 

HWE06590 

0303  0 

C276 

802 

LD 

2 

VT245 

T2 

HWE06600 

0304  0 

_803 

S 

= 18.320 

112.3  .DJtfiBfES.  f 

. HHE0  6610 

03P5  01 

4C300422 

804 

BP 

L 

T2125 

HWE05620 

OJQLO. 

40F  7 

805 

A 

= 600 

25  DEG  F 

HWE06630 

0308  01 

4r.300  3El 

8 06 

BP 

L 

T2100 

HWE0  6640 

030  A a 

80F4 

807 

A 

= 800 

HWE0  6650 

0308  01 

4C;->003B6 

808 

3P 

L 

T275 

HWE06660 

-Qjoaji  . 

30F1 

8i)9 

A 

=800 

HWE06670. 

C3PE  01 

4C300  381 

810 

BP 

L 

T250 

HWE06680 

0310  0 

8066 

811 

u 

= 800 

HWE06690 

0311  01 

40300  336 

812 

BP 

T225 

HWE06700 

813 

4 

ZERO  DEGREES  F TRACK 

HWE06710 

0313  0 

C2E7 

014 

U) 

2 

VT025 

HME06720 

0314  0 1865 

815 

SRT 

5 

HWE0673O 

0315  C 

8054 

816 

A 

=15715 

HWE06740 

0316  0 

921E 

817 

S 

*> 

VT157 

HWED6750 

0317  01 

4C3b031E 

sis 

BP 

PA  f 114 

HWE05760 

0319  0 

AOSl 

819 

M 

=24800 

HWE06770 

031A  0 

1084 

820 

5,LT 

4 

HWE067S0 

0318  C 

8050 

821 

A 

=19500 

HWE06790 

031C  01 

4C  000440 

622 

B 

L 

MAXWP 

HWE06800 

031E  0 

C04E 

82  3 

PATH4 

LO 

=13234 

HWEO&01O 

031F  0 

921E 

8 24 

S 

2 

VT157 

HWC-06820 

0320  01 

4C300327 

625 

BP 

PATH3 

HWE06B30 

0322  0 

A04B 

8 26 

H 

= 0 

HWEn6B40 

0323  0 

1084 

827 

SLT 

H 

HWEO605O 

03:.  4 0 

8047 

826 

A 

= 19500 

HWE06860 

0325  01 

4C 000440 

829 

B 

1 

MAXWP 

HWE06870 

0?J7  0 

904  7 

8 30 

PATH3 

S 

= 3561 

HWE06B80 

0328  01 

4C30032F 

831 

BP 

PATH2 

HWE06890 

012  A 0 

A045 

6 32 

M 

=-6320 

HWE06900 

0328  0 

1084 

833 

SUT 

4 

HWE06910 

032C  0 

8044 

8 34 

A 

=14000 

HWE069’0 

0320  01 

4C 000440 

835 

8 

L 

MAXWP 

HWE06930 

032F  0 

9042 

8 36 

PATH2 

S 

= 4710 

HW606940 

0130  O’. 

4C300337 

837 

BP 

PoTHl 

HWE0695C 

0332  0 

A040 

838 

M 

= 1730 

HWE06960 

03.33  C 

1084 

03-9 

5LT 

HWE06970 

0334  0 

803F 

840 

A 

= 16000 

HWE069S0 

■ 0335  01 

4COU0440 

84  1 

B 

t. 

MAXWP 

HWE06990 

C337  0 

C03C 

842 

PATHl 

LD 

=16000 

HWE07000 

0 33  8 0 

92EB 

34  3 

S 

2 

VT024 

HWE07C  10 

03  39  0 

A21E 

b44 

M 

2 

VT157 

HWE0  70  20 

03’ A 0 

A83A 

84  5 

D 

=4  96  3 

hWE07030 

03  36  0 

8268 

846 

A 

2 

VT024 

HWEOVO'tO 

C33C  Ol 

4Cvj0044D 

84  7 

B 

L 

MAXWP 

HWF07050 

OHO 

25  DEGREES  F TRACK 

HWF070  f.n 

21i 
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C267 

lf85 

8035 



4C300  349 

A026 

108A 

8030 

4C0OO4AO 

C023 

921E 

4C300352 
AO  2 A 



'8029 
AC 003440 
9027 

4C30035A 
AO  25 

1084 

8024 

4C00044D 

9022 

4C300362 
AO  20 

10J4 

'SOIF 

4C 000440 

COIC 

9268 

A21E 

ASIA 

8218 

40000440 


0377  0 
03  78  0 
0379  0 
03  7A  0 
0376  0 
037c  0 
0370  0 
03  76  0 


849 
__  850 
851 

853 

85-^_ 

855 

'857 
_ 85  8_ 
8 59 
EJO 
881 
862 

863 

864 

865  ■ 
86 6_ 

867  ■ 

868 
'8"69 
iJ70 

871 

872 

873 

874 

875 

876 
■ 877 

878 
6 79 
_ J80 
BBT" 
882 

884 


24800 

r^oo 

13234 

0 

3561 

-6320 
14000 
4710 
1730 
16000 
4963 
T579T- 
17000 
3 99 
19250 
3309 
-5S70 
14250 
4549 
1570 
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(Continued) 
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Table  B- 

13.  Benduc  Bounds  Program  (Continued) 

i 

i 

17  JUL  74 

■1 

PAGE  017  1 . 

i -4 

03  7F  0 

3F74 

906 

be 

16250 



j 

0380  0 

1500 

907 

•f 

DC 

5376 

\ 

908 

♦ 

50  DEGREE  TR4CK 

HHE0  7 4 20  ; 

0381  0 

C2E7 

909 

T250 

LD. 

2 WT025 

HWE07430 

03  82  0 

1885 

910 

SRT 

5 

HWE0  7440  ! 

0183.  il_ 

_ao28_  . _ 

. 9il.. 

4 .. 

=15879 

HMFD745n 

03  84  0 

921E 

912 

S 

2 VT157 

HWE07460 

0385  01 

4C30038C 

913 

BP 

PTH24 

HWE07470  ' 

03  87  0 

40  F 3 

914 

H 

= 24800 

HWE0  7480 

0388  0 

1084 

915 

SLT 

A 

HWE07490  ; 

03  89  0 

8023 

916 

4 

= 18500 

HWF0  7500  i ; 

0384  01  4C000440 

JL7 

8 

L M4XWP 

HWE07510  1 

03  8C  0 

COEO 

918 

PTH24 

LO 

=13234 

HWE0  7520  i 1 

038D  0 

921E 

919 

S 

2 VT157 

HHE07530  ; . 

Q38E  01 

4C  300  395 

9 20 

BP 

PTH23 

HWE0  7540  ’ ■ 

0390  0 

4010 

921 

H 

-774 

HHE07550  ' 

0391  0 

1084 

9 22 

SLT 

4 

HWE0  7560  1 

0392  0 

B0E4 

92  3 

A 

-19000 

HI^Q757Q J 

03  93  01 

4C  000440 

924 

8 

L H4XWP 

HWE07580 

0 395  0 

9019 

925 

PTH23 

S 

*3071 

HWE0  7590 

0396  01 

4C300  390 

BP 

PTH22 

HWE07600  . ; 

0398  0 

4017 

927 

H 

—5330 

HWE07610  ' -i 

03  99  0 

1084 

928 

SLT 

A 

HWEO7620 

0394  0 

8016 

929 

4 

- =15000 

MW£DJ63D 

03  98  01 

4C  000440 

9 30 

B 

L M4XWP 

HWE07640 

0390  0 

9014 

93L 

PTH22 

i 

-4373 

HHE07650 

039E  01 

4C30034S 

9 32 

BP 

PTH21 

HHE07660  ! 

0 34  0 0 

4012 

933 

M 

= 1404 

HHE07670  ’ 

0341  0 

1034 

9 34 

SLT 

4 

HWE0  7 6 80  i 

0 342  0 

8011 

935 

4 

=16500 

HHE07690  T 

0343  01 

4C000440 

9 36 

8 

L M4XWP 

HWE07700 

0345  0 

CODE 

937 

PTH21 

LD 

=16500 

HWE07710  J 

0346  0 

92E8 

938 

S 

2 VT024 

HWE0  7720  /i* 

0347  0 

421E 

939 

M 

2 VT157 

HWE07730  5 

0348  0 

48  OC 

940 

b 

= 5790 

HWE0  7 740  1 . 

0349  0 

82E8 

941 

A 

2 VT024 

HHE07750  ! 

0344  01 

4C  000440 

942 

8 

L H4XWP 

HWE07760  I , 

94  3 

LORG 

HHE07770  ! 

03  4C  0 

3E07 

944 

+ 

OC 

15879 

0 340  0 

4844 

945 

♦ 

OC 

18500 

034E  b 

0306 

946 

DC 

774 

1 

0 34E  0 

OBFF 

94  7 

+ 

DC 

30  71 

0380  0 

e82e 

948 

+ 

OC 

-5330 

0 361  0 

3498 

949 

DC 

15000 

0302  0 

U15 

9 50 

♦ 

DC 

4373 

5 

0 383  0 

05  7C 

951 

4- 

DC 

1404 

0384  0 

4074 

952 

4- 

DC 

16500 

0385  0 

169E 

95  3 

OC 

5790 

954 

* 

75  DEGREE  F TR4CK 

HWE07780 

0 386  0 

C2E7 

95  5 

T2  75 

LD 

2 VT025 

HWE07790 

0367  0 

1885 

956 

SRT 

5 

HWE07800 

0388  0 

8054 

95  7 

4 

-15961 

HWE07810 

0389  0 

921E 

958 

S 

2 VT157 

HWE0  7820 

0384  01 

4C3003C1 

959 

BP 

PTH34 

HHE07830  ; 

03  6C  0 

40  4E 

960 

M 

=24800 

HHE0  7840 

0380  0 

1084 

961 

SLT 

A 

HWE07850 

03BE  0 

80AF 

962 

A 

=18000 

HWE0  786n 

. .. 

...  . 



213 


Table  B-13.  BendLx  Bounds  Program  (Continued) 

IJ  .jyi-.  7^  8 


■ 

03  BF 

01 

4C00044D 

963 

B 

L 

HAXWP 

OiCl 

0 

COAB 

964 

PTH34 

LO 

■13234 

03  C2 

0 

921E 

965 

S 

2 

VT157 

03C3 

01 

4C3003CA 

966 

BP 

PTH33 

03C5 

0 

A049 

967 

H 

■1127 

03C6 

0 

1084 

968 

SLT 

4 

03C7 

0 

8048 

969 

A 

■18750 

03C8 

01 

4C 000440 

970 

B 

L 

HAXWP 

03  C A 

0 

9046 

971 

PTH33 

S 

■2823 

03CB 

01 

4C3003D2 

972 

BP 

PTH32 

03Cn 

0 

A044 

973 

H 

■-4710 

03CE 

0 

1084 

974 

SLT 

4 

03CF 

0 

8043 

975 

A 

■15500 

0300 

01 

4C00044D 

976 

B 

L 

HAXWP 

03  02 

0 

9041 

977 

PTH32 

S 

■4208 

0303 

01 

4C3C030A 

978 

BP 

PTH31 

03  05 

0 

A03F 

979 

H 

■1215 

0306 

0 

1084 

980 

SLT 

4 

0307 

0 

803  E 

981 

4 

■16750 

0308 

01 

4C000440 

98  2 

B 

L 

HAXWP 

03  DA 

0 

C03B 

983 

PTH31 

LO 

■16750 

i 030B 

0 

92EB 

984 

S 

2 

VT024 

03  OC 

0 

A21E 

965 

H 

rVTl57 

0300 

0 

A839 

986 

0 

■6203 

03  OE 

0 

G2EB 

98T 

A 

"T 

VTo54 

03DF 

01 

4C000440 

988 

B 

L 

HAXWP 

989 

* 

03E1 

0 

C2E7 

990 

T2100 

LO 

2 

VT025 

03  E2 

0 

1885 

991 

SRT 

5 

03E3 

0 

8034 

99  2 

A 

■16045 

03  E<^ 

0 

921E 

993 

S 

2 

VT157 

03E5 

01 

4C3003EC 

994 

BP 

PTH44 

03E7 

0 

AOS  3 

995 

M 

•24800 

03E8 

0 

1064 

996 

SLT 

4 

03  E9 

0 

802F 

997 

A 

■17500 

03EA 

01 

4C 000440 

998 

0 

L 

HAXWP 

03  EC 

oT 

C4’OOOT6D 

^9 

~PTH44' 

LO 

V ~^Tf?vr 

03EE 

0 

921E 

1000 

S 

2 

VT1S7 

03  EF 

01 

4C3003F6 

100 1 

BP 

PTH43 

03F1 

0 

A028 

1002 

M 

■1455 

03  F2 

0 

1084 

1003 

SLT 

4 

03F3 

0 

80B9 

1004 

A 

■10500 

03  FA 

O'l 

4C000”440 

1005’  ■■ 

B 

~z~ 

HAXWp-' 

03F6 

0 

9024 

1006 

PTH43 

S 

=2573 

03F7 

01 

4C300  3FE 

1007 

BP 

?Th42 

03F9 

0 

A022 

1008 

H 

—3980 

03  FA 

0 

1084 

1009 

SLT 

4 

O3F0 

0 

8021 

1010 

A 

■16000 

03FC 

DT  4C00044C' 

10  iT 

ff  ' 

V 

MATtWr  “ 

03FE 

0 

901F 

1012 

PTH42 

s 

■4042 

03  FF 

01 

4C300406 

1013 

BP 

PTH41 

1 OAOl 

0 

AO  10 

1014 

M 

= 1012 

1 0402 

0 

1084 

1015 

SLT 

4 

1 0403 

0 

801C 

1016 

A 

= 17000 

i 0404 

01 

4C00044D 

1017 

8 

L 

HAXWP 

1 0406 

0 

C019 

1018 

PTH41 

LO 

= 17000 

1 0407 

0 

92E8 

1019 

S 

2 

VT024 

100  DEGREE  F TRACK 


HWE07870 
HWE0786C 
HWE07890 
.HJlOiaOfi 
HHE07910 
HWE07920 
HHE07930 
HWE07940 
HWE0  7950 
_HWE0  7960 
HWE0  79  70' 
HWE07980 
HWE07990 
HWE08000 
HWEOeOlO 
HWE08020 
HWEOBOio 
HWEoeoAo 
HWE0B050 
HWE(^060 
HWE0B0  70 
HWF08080 
HWE08090 ‘ 
HWEOBIOO 
HWE08110 
HWE08120 
HWEOBlk) 
HWE08140 

Hweoeiso 
HWE08160 
HWE08170 
HHE0818C 
HV;E08190 
HWE08200 
HWE08210 
HWE0B220 
HWE08230' 
flWF082W 
HWEO02  5O 
HWE08260 
HWE08270 
_HWE0_8280 
HWe08290 
HWE08300 
HWEOBBin 
HWEC8320 
HHB08330 
HWEO034O 
HWF08T50 
HWE08360 
HWE08370 
HWE08380 
HWE08390 
HWEO85OO 
HWEOB'VIO’ 
HWEO0A2O 
HWE08430 
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0408  0 

A21E 

1020 

.. 

N 

2 

WT157 

HWE08440 

0409  0 

AS17 

1021 

D 

-6617 

HWE08450 

040A  0 

82E8 

1022 

A 

2 

VT024 

HWE(J8460 

OiPft  J!JL  4Cft00440 

1023 

8 

L 

HAXWP 

HWE0B470 

1024 

LORG 

HWE0S4d0 

0400  0 

3E59 

1025 

+ 

QC 

1.8961 

04UE  0 

4650 

1026 

DC 

18000 

040F  0„ 

0467 

1027 

OC 

1127 

0410  0 

493E 

1028 

+ 

OC 

18750 

0411  0 

0807 

1029 

♦ 

OC 

2823 

0412  6 

E09A 

1030 

+ 

DC 

-4710 

0413  0 

3C8C 

.1031  „ 

DC.. 

1550Q 

0414  0 

1070 

1032 

+ 

DC 

420B 

.-0.415_1L^ 

1033 

♦ 

OC 

1215 

0416  0 

416E 

1034 

+ 

DC 

16750 

._.0.4U_Q. 

.1038  . 

1035 

OC 

6203 

0418  0 

3EA0 

1036 

•f 

DC 

16045 

0419  0 

A.A5C  .. 

. lOiL- 

+ 

DC 

l75Qa  . 

041A  0 

05AE 

10  38 

+ 

OC 

1455 

0410  0 

0A90 

1039 

* 

OC 

2573 

04  ir,  0 

F074 

1040 

+ 

nc 

-3980 

041C  0 

3E80 

1041 

♦ 

DC 

16000 

04  IE  0 

OFCA 

1042 

4- 

DC 

4042 

041 F Q_ 

ja£4  _ 

_1043__ 

+ 

OC 

IftU . 

0420  0 

4268 

1044 

* 

DC 

17000 

0421  0 

1909 

1045 

1- 

OC 

6617 

1046 

« 

125  DEGREE  F TRACK 

HWE0B490 

0422  0 

C2E7 

1047 

T2125 

LO 

2 

VT025 

HWE08500 

042?  0 

1885 

1048 

SRT 

5 

HHE0B51O 

0424  0 

9Q4C 

lOM..  . 

A 

■16)^8 

y^*£0fl520 

0425  0 

V21E 

IdSO 

S 

2 

WT157 

HHE0B530 

0426  01 

40300420 

1051 

BP 

PTH54 

HWE0B540 

0420  0 

A049 

1052 

M 

-24800 

HWE0B5S0 

042  9 0 

1004 

105  3 

SLT 

HHE0S56O 

042A  0 

aOE5 

1054 

A 

-17000 

HHE0B570 

042  8 01 

4C 000440 

1055 

8 

L 

HAXWP 

HHE0B5B0 

0420  0 

C045 

1056 

PTH54 

LO 

-13234 

HHE0B590 

042E  0 

9Z1E 

105  7 

S 

2 

VT157 

HWEOB600 

042F  01 

4C300436 

1058 

BP 

PTH53 

MWE0B610 

043  1 0 

A042 

1059 

M 

•1769 

HHE0B620 

0432  6 

1084 

1060 

SLT 

HWE0B630 

0433  0 

8Q41 

1061 

A 

•1825.5 

HHE0S640 

0434  01 

40000^0 

1062 

B 

L 

HAXHP 

HHE0B6S0 

0436  0 

903 F 

106  3 

PTH53 

S 

■2  32  7 

HHE0B660 

0437  01 

4C30043E 

1064 

BP 

PTH52 

HUE08670 

0439  0 

A030 

1065 

M 

— 30  80 

HWE0B6B0 

043A  0 

1084 

1066 

SLT 

4 

HWE08690 

0438  0 

803C 

1067 

A 

-16500 

HWEOH700 

04  3C  01 

4C 000440 

1068 

B 

L 

HAXHP 

HWE08710 

043E  0 

903  A 

1069 

PTH5Z 

S 

-3877 

HHEOBTZO 

043P  01 

o 

o 

1070 

BP 

PTH51 

HWE08730 

044  1 0 

A038 

1071 

H 

-792 

HWE08740 

0442  0 

lp84 

10  T2 

SLT 

4 

HWEO0  75O 

0443  0 

803  7 

107  3 

A 

-17250 

HHEOBTbO 

0444  01 

4C00044D 

1074 

B 

L 

HAXHP 

HHEOBTYO 

0446  0 

C034 

1075 

PTH51 

LO 

•17250 

HWE0B780 

0447  0 

92E8 

1076 

S 

Z 

VT024 

HME0B790 

m 


i 

I 
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0446 

0 

A21E 

1077 

H 

2 VT157 

HWE0B800 

0440 

0 

A832 

1078 

0 

-7030 

HWE08810 

04  4 A 

0 

82E8 

1079 

A 

2 VT024 

HWEOS820 

044P 

O.L. 

4t00044P 

1Q80  . 

a 

1 MAXWP 

HWEO803O 

0440 

0 

1882 

1081 

MAXWP 

SRT 

2 

HWE08840 

944  EO 

0236 

1062 

STO 

1-YTIAL. 

HWE0885Q 

1083 

* 

MINIMUM  RATIOS 

COMPUTATION  HWE0B860 

04AF 

0 

C2E2 

1084 

LO 

2 VT030 

HWEO087O 

0450 

0 

1882 

1085 

SRT 

2 

HWE08880 

0451 

0 

0200 

1086 

STO 

2 VT140 

HWE08890 

04  52 

0 

C21E 

1087 

10 

2 VT157 

HWE08900 

0453 

0 

9029 

1088 

s 

•7100 

HWE08910 

0454 

0 

A2E3 

1089 

M 

2 VT029 

HWE08920 

0455 

0 

1881 

1090 

SRT 

1 

HWE0B930 

0456 

0 

8200 

1091 

A 

2 VT140 

HWE08940 

0457 

0 

1882 

1092 

SRT 

2 

HWE06950 

0456 

0 

D23F 

1093 

STO 

2 VT190 

HWE08960 

1094 

m 

SEIECT  HIGH 

HWE08970 

0459 

0 

C21E 

1095 

I'b 

2 Vfl57 

MWE0B9B6 

04SA 

0 

BC/22 

1096 

CMP 

-7100 

HWE0B990 

04  58 

0 

7002 

1097 

MOX 

*•*■2 

HWE09000 

04SC 

0 

1000 

1098 

NOP 

HWE09010 

04  50 

0 

COIF 

1099 

ID 

-7100 

HWE09020 

045E 

0 

0.011 

1100 

STO 

JCMPB  „ . 

HWE09030 

045F 

0 

COIE 

1101 

ID 

-9600 

HWE09040 

0460 

0 

900F 

1102 

S 

TEMP6 

HWE09050 

0461 

0 

AO  10 

1103 

H 

-19650 

HWE09060 

0462 

0 

1082 

1104 

SLT 

2 

HWE09070 

0463 

0 

0230 

1105 

STO 

2 VT188 

HWE09080 

1106 

* 

SEIECT  low 

HWE09090 

0464 

0 

COIB 

1107 

10 

-2  7e87 

HWE09100 

0465 

0 

A21E 

1108 

M 

2 VT1S7 

HWE09110 

0466 

0 

B230 

1109 

CMP 

2 VT168 

HWE09120 

046  7 

0 

C23D 

1110 

ID 

2 VT18B 

HWE09120 

0468 

0 

1000 

irii 

NOP 

HWE09140 

0469 

0 

023E 

1112 

STO 

2 VT189 

HWE09150 

“TTT3 

TITFCT"  hIGh 

HWE09160 

046A 

0 

B23F 

1114 

CMP 

2 VT190 

HWE09170 

0466 

0 

7002  " 

“ IT.B  ■ 

MOX 

HWE09180 

046C 

0 

1000 

1116 

NOP 

HWE09190 

0460 

0 

C23F 

■ i:if 

10 

2 VT190 

HWE09200 

046E 

0 

0240 

1118 

STO 

2 VT191 

MINIMUM  RATIOS 

HWE09210 

1TF9 

BRANCH  TO  VALVE 

CONTROL  HWE09220 

046F 

0 

7011 

1120 

B 

CNTIB 

HWE09230 

04  70 

0 

0000 

1121 

TEMP6 

OC 

★ — * 

HWE09240 

1122 

lORG 

HWE09250 

0471 

0 

3F00 

1123 

OC 

16128 

0472 

0 

60EO 

1124 

•¥ 

OC 

24800 

0473 

0 

336? 

“il2T 

* oc 

nr  3234 

0474 

0 

06  E 9 

1126 

OL 

1769 

04  75 

0 

4 74  A 

1127 

♦ 

OC 

182  SO 

0476 

0 

0917 

1128 

OC 

2327 

04  77 

0 

F3F6 

1129 

+ 

OC 

-3C80 

0478 

0 

4074 

1130 

♦ 

DC 

16500 

0479 

0T25 

1131 

+ 

oe 

38TT 

047A 

0 

0318 

1132 

+ 

DC 

79? 

0478 

0 

4362 

1133 

4 

DC 

17250 
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04  7C 

0 

1B76 

1134 

4- 

DO 

7030 

0470 

0 

IBBC 

1135 

4 

00 

7100 

04  7E 

0 

2580 

11  36 

4 

DC 

9600 

047F 

0 

4CC2 

1137 

4 

DC 

19650 

04  BO 

0 

60  27 

1138 

4 

00 

27687 

0481 

1139 

..  CNTLB 

ECU 

* 

, ADD  . VALJ7£_CXlfU&DL_HtRIL 

04  61 

0 

0235 

1140 

LO 

2 

vTieo 

THIS  WILL 

BE  COMPUTED  VALU 

HWE09270 

0482 

0 

D235 

1141 

STQ 

2 

vtibo 

FROM  ADDED 

CONTROL  LOOP 

HWE09280 

04  83 

0 

7000 

1142 

B 

VAL  PO 

HWE09290 

0484 

1143 

o 

Q. 

< 

> 

EOU 

4 

HWE09300 

04  84 

0 

02E6 

1144 

LD 

2 

¥T026 

HWF09310 

0485 

0 

A236 

1145 

H 

2 

VTI81 

MHE09320 

04  86 

0 

1082 

1146 

SIT 

2 

■)4B7 

0 

0237 

1147 

STO 

2 

VT182 

HWE0934D 

0'  88 

0 

C2E1 

1148 

LD 

2 

¥T031 

HWE09350 

(.489 

0 

1885 

1149 

SRT 

5 

HWE09360 

0 ( SA 

0 

804A 

11  50 

A 

•5320 

Hwe09370 

04t  ! 

0 

A268 

1151 

M 

2 

VT231 

HWE09380 

04  8C 

0 

10B3 

1152 

SLT 

3 

HWE09390 

0<-.bC 

i'.‘ 

0243 

1153 

STO 

2 

VT194 

HWE094O0 

J4  3i; 

) 

02E0 

1154 

LD 

2 

VT032 

HWE09410 

04BF 

f) 

1080 

1155 

SRT 

0 

HWE09420 

04  41; 

f 

020F 

1156 

STD 

•» 

VT142 

HWE09430 

0-91. 

P 

C2QF. 

U&.7.. 

.Lfi  . 

z 

VT033  . 

.HWED9',4jO. 

04  02 

0 

■n?3 

1158 

SRT 

3 

HWE09450 

0493 

0 

10 

1159 

STO 

2 

VT143 

HWE09460 

1160 

4 

VALVE  ZERO 

FLOW  TRIM 

HWE09470 

0494 

0 

C2F5 

1161 

LO 

2 

VTOll 

HWE09480 

04  96 

0 

1886 

1162 

SRT 

6 

HWE0949D 

0496  0 

Q15£. 

..  ..  .ALO.a. 

.i.TQ  . 

2 ¥1141  . 

HWlOJSfiD- 

0497 

0 

803E 

1164 

A 

■ 5400 

HWE09510 

0498 

0 

0214 

1165 

STO 

2 

VT147 

HWE09520 

1166 

4 

MINIMUM  VALVE 

HWE09530 

0499 

0 

0265 

116  7 

LD 

2 

VT027 

04  9A 

0 

A240 

1168 

M 

2 

VT191 

HWE09550 

0496 

0 

1081 

1169 

SLT 

1 

HWE09560 

04  9C 

0 

A24'3 

1170 

M 

2 

VT194 

HWE09570 

0490 

0 

1084 

1171 

SLT 

4 

HWE095B0 

04  9E 

0 

0241 

1172 

STu 

2 

VT192 

HWE09590 

049F 

0 

B210 

1173 

CMP 

2 

VT143 

HWE09600 

04A0 

0 

7002 

1174 

MDX 

•+2 

HWE09610 

04A1 

0 

1000 

1175 

NOP 

HWE09620 

04A2 

0 

C'216 

1176 

LD 

2 

VT143 

HWE09630 

0 4A3 

0 

0215 

1177 

STD 

2 

VT148 

HWE09640 

04A4 

0 

0237 

1178 

LO 

2 

VT182 

HWE09650 

04A5 

0 

B222 

1179 

CMP 

2 

VT161 

SELECT  LOW 

WITH  SPEED 

HWE09660 

04A6 

0 

0222 

1180 

LO 

2 

VT161 

HWE09670 

04A7 

0 

1000 

1181 

NOP 

HWF09680 

1182 

4 

SELECT  HIGH 

HWE09690 

04A8 

0 

B02E 

1183 

CMP 

■-4000 

HWE09700 

04A9 

0 

7002 

1184 

MOX 

♦+2 

HWE09710 

04AA 

0 

1000 

1165 

NOP 

HWE09720 

04AB 

0 

0026 

1186 

LO 

—4000 

HWE09730 

0 4AC 

0 

0238 

1187 

STO 

2 

VT1B3 

HWE09740 

04A0 

0 

A243 

1186 

M 

2 

VT194 

HWE09750 

04AE 

0 

1084 

1189 

SLT 

HWE09760 

04AF 

0 

0239 

1190 

STO 

C 

VT184 

HWED9770 
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OABO 

0 

B20F 

1191 

CMP 

2 

VT142 

SELECT 

LOW 

111 

> 

< 

> 

LIMIT 

HWE09790 

O'tBl 

0 

C20F 

1192 

LO 

2 

VT142 

HWE09710 

04  B2 

0 

1000 

1193 

NOP 

HWEO'/3CO 

04B3 

0 

D23A 

1194 

STO 

2 

VT185 

HWE09610 

04B4 

0 

621F 

1195 

CMP 

2 

V1158 

SELECT 

LOW 

WITH  N 

SAFETY 

HWE09820 

0485 

0 

C2SF 

1196 

LD 

VT158 

HWE09830 

04  B6 

0 

1000 

1197 

MOP 

HWE09840 

04B7 

0 

D23B 

1198 

Sin 

2 

VT186 

HWE09850 

04B6 

0 

B235 

1199 

CMP 

2 

VT180 

SELECT 

LOW 

WITH  CON  LOOP 

HWE09860 

0469 

0 

C235 

1200 

LO 

2 

vTiao 

HWE09870 

04BA 

0 

1000 

1201 

NOP 

HWE09880 

04eB 

0 

D23C 

120: 

STQ 

2 

VT187 

HWE09890 

04BC 

0 

B215 

1203 

CMP 

2 

VT148 

SELECT 

HIGH  WITH 

MINIMUM 

HWE09900 

04BD 

0 

7002 

1204 

MOX 

•+2 

HWE09910 

04BE 

0 

1000 

1205 

NOP 

HWE09920 

04BF 

0 

C215 

1206 

LO 

2 

VT148 

HWE09930 

04C0 

0 

0242 

1207 

STO 

2 

VT193 

HWE09940 

04C1 

0 

8214 

1208 

A 

2 

VT147 

HWE09950 

04C2 

0 

0244 

1209 

STQ 

'2“ 

VT195 

HWE09960 

04C3 

01 

04000585 

1210 

STO 

L 

FUEL 

HWE09970 

1211 

* 

HWE09980 

1212 

* 

IGV  AND 

BLEED  SCHEDULES 

HWE09990 

04C5 

0 

C276 

1213 

LO 

2 

.'T245 

. 

H WE  10000 

04C6 

0 

9011 

1214 

S 

-13440 

HWElOOlO 

0407 

0 

AO  11 

1215 

M ‘ 

-210 

HWE 100  20 

0408 

0 

1087 

1216 

SLT 

7 

HWE100  30 

0409 

0 

8010 

1217 

A 

■11800 

HWE10040 

04CA 

0 

0251 

1218 

STO 

2 

VT208 

HHE10050 

04CB 

0 

C276 

1219 

LO 

2 

»'T245 

HWE10060 

04CC 

0 

9006 

1220 

-17088 

HWE100  70 

0400 

01 

4C2B040F 

1221 

BN 

SAM6 

HWE100  80 

04CP 

0 

AOOC 

1222 

« 

■SCO 

HWE10090 

0400 

0 

1086 

1223 

slt 

6 

HW'ElolOO 

0401 

0 

BOOB 

1224 

A 

■ i.!iS00 

MWElOllO 

04  02 

0 

0253 

1225 

STO 

2 

VT210 

HWE  10120 

0403 

0 

70 1C 

1226 

8 

SAHB 

HWE10130 

04  04 

0 

700  A 

1227 

B 

GSToS 

HWE10140 

122  8 

LORG 

HWE10150 

0405 

0 

14C8 

1229 

+ DC 

S320 

0406 

0 

1518 

1230 

+ DC 

5400 

0407 

0 

F060 

1231 

+ DC 

-4000 

0408 

0 

3460 

1232 

♦ DC 

13440 

0409 

0 

0002 

12  33 

+ " DC 

ao 

04DA 

0 

2E1B 

1234 

+ OC 

11800 

04  OB 

0 

42C0 

1235 

OC 

17088 

04DC 

0 

01F4 

1236 

+ OC 

500 

04  00 

0 

3088 

1237 

+ OC 

15800 

04DE 

0 

0000 

1238 

TEMPA  DC 

HWE  10  160 

04DF 

1239 

GDT05  TOO 

* 

HWEIOT70 

1240 

« 

HWE  10  180 

04  OF 

0 

C276 

1241 

SAM6  LO 

2 

VT245 

HWE10190 

04EO 

0 

903A 

1242 

S 

>15488 

HWE  10  200. 

04  El 

01 

4C2804EA 

1243 

BN 

SAM7 

HWE10210 

04E3 

0 

AOS  8 

1244 

H 

■ 128 

HWE10220 

04  £4 

0 

1086 

1245 

SLT 

6 

HWE10230 

04E5 

0 

00F8 

1246 

STO 

TEMPA 

HWE10240 

04  E6 

0 

C036 

1247 

LO 

=16000 

HWE1Q250 
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» 


I 


$ 


!■ 

£ 


0AE7  0 90F6 

1248 

S 

TlMPA 

HME1026O 

0AE8  0 0253 

1249 

STO 

2 

VT210 

HWE10270 

04E9  0 7006 

12  50 

8 

SAM8 

HME10280 

. 1251 

4 

HWE10290 

04EA  0 C276 

1252 

SAM  7 

LO 

2 

VT245 

HWE10300 

OAEB  0 90EC 

1253 

S 

-13440 

HWE10310 

04EC  0 A031 

12  54 

H 

-1100 

HWE10320 

OAEP  0 iO^S 

- 1255 

SLT 

5 

HWE10330 

04EE  C 8030 

1256 

A 

-14900 

HWE10340 

_QAEF  0 0253 

1257 

STO 

2 

VT2:o 

HWE10350 

1258 

* 

HWE10360 

OAFO  0 C2C0 

1259 

SAH8 

LD 

2 

VT051 

HWE10370 

04F1  0 1884 

1260 

SRT 

4 

HWE10380 

04F2  0 _D2J1,... 

L2&1 

STO 

2 

VT144 

HWE10390 

04F3  0 C2CC 

1262 

LD 

2 

VT052 

HWE10400 

04F4  .0  1884 

_ 126  3 

SRT 

4 

HWE10410 

04F5  0 8253 

1264 

A 

2 

VT210 

HWe  10420 

. J2i-5 

S 

2 

VT144 

HW&10930 

04F7  0 9251 

1 ’66 

S 

2 

VT208 

HWE10440 

04F8  0 0255 

1267 

STO 

2 

VT212 

HHE10450 

04F9  0 C21E 

1268 

LO 

2 

VT157 

HWE 10460 

04FA  0 9251 

1269 

S 

2 

VT208 

HWE 10470 

04FB  0 9211 

127Q 

S 

2 

VT144 

HWE10480 

127.1 S£LfCT  HIGH  HWEIQA9Q 


04  FC 

0 

8023 

1272 

CMP 

-0 

HHE10500 

04FO 

0 

7002 

1273 

MOX 

*♦2 

HWE10510 

04FE 

0 

1000 

1274 

NOP 

HHE10520 

04FF 

0 

C020 

1275 

LO 

-0 

HWE10530 

0500 

0 

AO  20 

1276 

M 

■ 8340 

HWEI0540 

0501 

0 

AA51 

1277 

0 

2 

VT212 

HWE  IP  550. 

0302 

0 

801F 

1278 

A 

-5100 

* 

HWE10560 

0503 

0 

0256 

1279 

STO 

2 

VT213 

HWE10570 

0564 

61 

04000586 

1280 

STO 

L 

PICV 

Hwn0580 

0506 

0 

C2CB 

1281 

LD 

2 

VT053 

HWE 10 390 

0507 

0 

1884 

1282 

SRT 

4 

HWE10600 

0508 

0 

0212 

1283 

STO 

2 

VT145 

VT654 

..  H.WE106.1Q 
HWE10620 

0509 

6 

C2CA 

1284 

LD 

2 

050  A 

0 

1884 

1285 

SRT 

4 

HWE10630 

0508 

0 

8253 

1286 

A 

2 

VT210 

HWE  10  640 

050C 

0 

9212 

1287 

S 

2 

VT145 

HWE10650 

0500 

0 

9251 

1288 

S 

2 

VT208 

HWE10660 

0 50E 

0 

0257 

1289 

STO 

2 

VT214 

HWEJ0670 

OSOF 

0 

C21E 

1290 

LD 

7 

VT157 

HWE  10680 

0510 

0 

9251 

1291 

S 

C. 

\T208 

HWE 10690 

0511 

0 

9212 

1292 

s 

2 

VT145 

HWE 10 700 

1293 

SELECT 

HIGH 

HWE10710 

0512 

0 

BCOD 

1294 

CMP 

-0 

HWE10720 

0513 

0 

7002 

1295 

MOX 

• ♦2 

HWE10730 

0514 

0 

1000 

■‘1296 

NOP 

HWE 10 740 

0 515 

0 

COOA 

1297 

LD 

-0 

HWE10750 

0516 

J 

AOOC 

1298 

M 

-5050 

HWE  10  760 

0517 

0 

AA57 

12°9 

0 

2 

VT214 

HWE10770 

0518 

0 

eooB 

1300 

A 

•3600 

HWE107S0 

0 519 

0 

0258 

1301 

STO 

? 

VT215 

HWE10790 

i‘302 

* 

HWE 10 800 

1303 

* 

STORE 

HERE  IN 

BLEED  IF  SEPERATE 

CONTROHWE10810 

1304 

* 

OF  THE 

BLEEDS 

IS  DESIRED 

HWE10820 
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PAGE  024 

1305 

* 

OAC  2 

IS  NOW  USED 

FOR  VTXXX 

OUTPUT  HME10830 

1306 

* 

HWE10840 

051A  0 

700  A 

1307 

0 

G0T06 

BEN10424 

1308 

lORfi 

BENI0425 

OSIB  0 

3C80 

1309 

+ oc 

15468 

OSl'"  0 

0080 

1310 

♦ OC 

128 

0510  0 

3E80 

1311 

+ oc 

16UOO 

051E  0 

044C 

1312 

+ oc 

1100 

OSlF  0 

3A34 

1313 

* oc 

14900 

052  0 0 

0000 

1314 

+ oc 

0 

0521  0 

2094 

1315 

4 oc 

8340 

0522  0 

13EC 

1316 

4 oc 

5100 

0523  0 

l3bA 

TJYT 

+ oc 

5050 

052A  0 

OEIO 

1318 

4 oc 

3600 

0525 

1319 

GOT06  EOU 

m 

. 

BEN10426 

1320 

* 

NOZZ)  E 

CONTROL 

HWE10850 

0525  0 

C049 

1321 

LD 

=9250 

BEN10430 

0526  0 

9210 

1322 

S 

2 

VT156 

BEN10440 

0527  0 

*048 

1323 

. . ^ . 

=14320 

BEN10450 

052  6 0 

1083 

1324 

SLT 

3 

BEN1P460 

0529  6 

8047 

1325 

A 

= 13740 

BEN10470 

1326 

* SEJ.ECT  LQW 

6EN10480 

052A  0 

6047 

1327 

CMP 

=12200 

BEN10490 

0526  0 

C046 

ia*j 

LO 

=12200 

BFN10500 

0S2C  0 

1000 

1329 

NOP 

BEN10510 

0520  0 

D2SA 

1330 

stq_ 

2 

VT217 

6EN10570 

052E  0 

C044 

1331 

LO 

=16042 

BEN10580 

052E  0 

9210 

1332 

S 

2 

VT156 

6EN10590 

1333 

♦ SELECT  LOM 

BEN10600 

053  0 0 

BOEF 

1334 

CMP 

=0 

BEN10610 

0531  0 

COEE 

1335 

LO 

»0 

6EN10620 

0532  0 

1000 

1336 

NOP 

0EN10630 

053r  0 

A04(r^ 

ll37~ 

M 

•18900 

BEN10640 

053  * 0 

1084 

1338 

SLT 

4 

BEN10650 

‘ 053  rD 

A 

2 

vToss" 

BEN10660 

1340 

4 SELECT  HIGH 

0536  0 

■ "B  Z!*  “ 

VT2?.T 

BEN10680 

053  7 0 

7002 

1342 

MOX 

•42 

10150 

NRJP 

053  9 0 

C2SA 

1344 

LO 

VT217 

053A  0 

0250 

ll45 

STP 

VT218* 

BEN10710 

1346 

« 

TEMPERANCE 

CONTROL 

BEN10720 

0536  0 

C279 

1347 

LD 

2 

VT240 

BEN10730 

053C  0 

92C8 

1348 

$ 

2 

VT056 

BEN10740 

1349 

4 SELECT  HIGH 

BEN10750 

0530  0 

BOE2 

1350 

CMP 

■0 

BEN10760 

053E  0 

7002 

1351 

MOX 

•42 

BEN10770 

053F  0 

1000 

1352 

NOP 

BEN10780 

0540  0 

CODF 

1353 

LD 

=0 

BEN10790 

054  1 0 

A2C7 

1354 

M 

2 

VT057 

BENioeoo 

0542  0 

1084 

1355 

SLT 

4 

3EN10610 

0543  0 

8256 

1356 

A 

2 

VT2J8 

BEN10820 

"1357 

4 select  HIGH 

BEN10830 

0544  0 

6256 

1358 

CMP 

2 

VT218 

BEN10840 

"05  4T  0 

~7ooT 

1359 

MOX 

• 42 

BEN10850 

054  6 0 

1000 

1360 

NOP 

BEN10860 

0547  0 

CZ5B 

1361“ 

' LO 

2 

VT218 

BEN10870 
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0548 

0 

D2SC 

1362 

STO 

2 VT219 

BEN10880 

0 549 

0 

003  E 

1363 

STO 

NOZ 

BEN10890 

0S4A 

0 

C2E4 

1364 

LO 

2 VT028 

THIS  GOES  IN  THE  BOUNDS 

0S4B 

01 

940002FB 

1365 

S 

L <64 

PROGRAM  AT  ADDRESS  DONE 

0540 

01 

4C  200551 

1366 

BNZ 

DONE 

IF  VT028=64  HW  NOZ  IS  IN 

0.^ 

1367. 

LCL  . 

,2-ltIOBJU. 

IF  VT02B  NOT  64  HENOX  iij 

0550 

0 

D037 

1368 

STO 

NOZ 

0551 

1369 

DONE 

EQU 

HWE11220 

1370 

HWE11230 

1371 

HHE11240 

0551 

30 

040565CO 

1372 

CALL 

OAOP 

HWE11250 

0 5_53 

X 

057A 

1373 

pc. 

palst_  _ 

HWE11260 

1374 

* 

HWE11270 

1375 

FOLLOWS  BEN11070 

HWE11280 

1376 

* 

LOOP  DETERMINATION 

HWE11290 

0554 

0 

C242 

1377 

LO 

2 VT193 

HWE11300 

0555 

0 

901F 

1378 

S 

= 20 

HWE11316 

0556 

0 

9215 

1379 

S 

2 VT148 

HWE11320 

0557 

01 

4C  280561 

1380 

8N 

NEGA 

H4E11330 

0559 

0 

C242 

1381 

LO 

2 VT193 

Hk  El  1340 

05  5A 

0 

801A 

1382 

A 

= 20 

HWE11350 

055B 

0 

9239 

1383 

S 

2 

HWE11360 

055C 

01 

4C300564 

1384 

8P 

POSA 

HWE11370 

0S5c 

0 

C286 

1385 

2 VT074 

MWE11380 

05  5F 

0 

0263 

1386 

STO 

2 W226 

HHE11390 

0560 

0 

7J305 

.1387. 

8 

....  CQiX  ..  .. 

HWE114Q0 

0561 

0 

C014 

1388 

NEGA 

LO 

=-32000 

MIN  CONTROL  -5V  OUT 

HWE11410 

0562 

0 

0263 

1389 

STQ 

2 VT226 

HWE11420. 

0563 

0 

7002 

1390 

8 

CONI 

HWE11430 

0564 

0 

C012 

1391 

POSA 

-kP 

B32000 

MAX  CONTROL  5V  OUT 

HWE11440 

0565 

0 

0263 

1392 

STO 

2 VT226 

HWBI1460 

05_66 

1393 

- CONI 

.eq.g  . 

« 

HWE1146D 

1394 

« 

HWE 11470 

0566 

0 

0811 

1395 

XIQ 

CEOFF 

HWE11480 

0567 

00 

65000000 

1396 

XRl 

LOX 

LI  •-* 

HWE11490 

0569 

00 

66000000 

1397 

XR2 

LDX 

L2  *-4 

HHEllSOO 

0568 

00 

67000000 

1398 

XR3 

LOX 

L3 

HMEU510 

0560 

01 

40800000 

1399 

BSC 

I GTECT 

HWE11520 

1400 

LORG 

HWEU530 

056F 

0 

2422 

1401 

+ 

PC 

9250 

osW 

0 

1402 

+ 

DC 

14320 

0571 

0 

35AC 

1403 

4 

DC 

13740 

0 

4 

OC 

f220c' 

0573 

0 

3EAA 

1405 

4 

OC 

16042 

05  7* 

0 

70E4 

1406 

4 

OC 

2890P 

0575 

0 

0014 

1407 

4 

OC 

20 

05  76 

0 

8300 

1408 

4 

DC 

-32000 

0577 

0 

7000 

1409 

4 

DC 

32000 

05  78 

0000 

1410 

CEOFF 

BSS 

e 0 

HWtll540 

0578 

0 

0000 

1411 

OC 

0 

HWeil550 

05  79 

0 

E400 

1412 

OC 

/E400 

HWE11560 

1413 

« 

HWE11570 

05  7A 

0 

0000 

1414 

OALST 

DC 

0 

HWE115B0 

0578 

0 

0000 

1415 

OC 

0 

05  7C 

0004 

1416 

BSS 

4 

HHE11600 

0580 

0 

0000 

1417 

DC 

«-4 

HWE11610 

0581 

0 

3000 

1418 

DC 

/3000 

05  82 

1 

0583 

1419 

DC 

AOLST 

HWE  11 630 

0583 

0 

0006 

1420 

AOLST 

DC 

/0000+6 

05  64 

0 

0000 

1421 

APZ 

OC 

0 

0585 

0 

0000 

1422 

FUEL 

DC 

..  _ 

...  

05  86 

0 

0000 

1423 

PIGV 

OC 

0687 

0 

0000 

1424 

BLEED 

OC 



05  88 

0 

0000 

1425 

NOZ 

DC 

*-« 

0589 

0 

0000 

1426 

AL0G4 

DC 

4-4 

1427 

4 

HWE  11  750 

1428 

4 

HWE 11 760 

1429 

* 

HWE  11  77'.' 
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Table  B- 

13. 

Bendix 

Bounds  Program  (Continued) 

0000 

i 4'3i 

POO 

EOU 

00 

1 , 
1 ? 

HWE11820  i i 

0001 

1432 

POl 

EQU 

01 

HWE11830  ■ ; 

0002 

1433 

P02 

EOU 

02 

HUE  11 840 

0003 

1434 

P03 

EQU 

03 

HWE11850  \ 

0004 

1435 

P04 

EOU 

04 

HUE  11 860  ; 

0005 

1436 

P05 

EQU 

05 

MWE11R7n 

00  06 

1437 

P06 

EQU 

06 

HWE11880 

0007 

1438 

P07 

EQU 

07 

HWE11890 

ooos 

1439 

P08 

EOU 

08 

HHE 11900 

0009 

1440 

P09 

EQU 

09 

HUE  11910 

000 A 

1441 

PIO 

EOU 

10 

HWE 11920  ^ 

OOOB 

1442 

Pll 

EOU 

11 

_ HWE1.1930  ._ 

00  OC 

1443 

P12 

EOU 

12 

HWE 11940 

POOD 

P13 

EQU 

13 

HWEH950  i 

OOOE 

1445 

P14 

EOU 

14 

HWE11960 

OOOF 

1446 

Pl5 

EQU 

15 

HWE11970 

0010 

1447 

P16 

EQU 

16 

HWEll9af 

oou  

1448 

P17 

EOU- 

17 

HWE11990  ; 

0012 

1449 

P18 

EOU 

18 

HWM2000  j 

0013 

1450 

P19 

EOU 

19 

HUE12010  1 

0014 

1451 

P20 

EOU 

20 

HWE  120  20 

0015 

1452 

P21 

EQU 

21 

HWE  120  30  5 

0016 

1453 

P22 

EOU 

22 

HWE12040 

0017 

1454 

P23 

EOU 

23 

HWE  120  50  1 

0018 

1455 

P24 

EOU 

24 

HWE  12060  ! 

0019 

1456 

P25 

EOU 

25 

HWE  120  70 

001 A 

1457 

P26 

EOU 

26 

HWE  120  80  s 

OOIB 

1458 

P27 

EOU 

27 

HWE 12090  ; 

ooic 

1459 

P28 

EOU 

28 

HWE12100  " 

0010 

1460 

P29 

EOU 

29 

HWEJillQL.. 

001 E 

1461 

P30 

EOU 

30 

HWE  121  20  : 

001  F 

146  2 

P31 

EOU 

31 

HWE12130  ■ • 

0020 

1463 

P'32 

EOU 

32 

HWE12140 

0021 

1464 

P33 

EOU 

33 

HWE 12150 

0022 

1465 

P34 

EOU 

34 

HWE 121 60 

0023 

1466 

P35 

EOU 

35 

HWE 12170  « 

0024 

1467 

P36 

EOU 

36 

HWE'12180  f- 

0025 

1468 

P37 

EOU 

37 

HWE12190 

0026 

1469 

P38 

EOU 

38 

HWE 12200  5 

002  7 

1470 

P39 

EQU 

39 

HWE12210  ^ 

0028 

1471 

P40 

EOU 

40 

HWE12220  < 

0029 

147-2 

P4. 

EOU 

41 

HWE 122 30 

00  2 A 

1473 

P42 

EOU 

42 

HHE12240  1 

002  B 

1474 

P43 

EQU 

43 

HWE 12250  j 

002C 

1475 

P44 

EOU 

44 

HWE12260 

0020 

1476 

P45 

EOU 

45 

HWE12270 

00  2 E 

1477 

P46 

EOU 

46 

HWE12280 

002  F 

1478 

P47 

EOU 

47 

HWE 12290  ; i 

0036 

1^ 

P48 

EOU 

48 

Hwe'i23bb  ! ' 

0031 

1480 

P49 

EOU 

4S 

HWE12310  j : 

0032 

1481 

P50 

EOU 

50 

HWE 12 320  ' ! 

0033 

1482 

P51 

EQU 

51 

HHE 12 330 

0034 

1483 

P52 

EOU 

52 

HWE12340  i S 

003  5 

1484 

P5  3 

EQU 

53 

HWE12350  ! - 

0036 

1485 

P5i 

EOU 

54 

HHE12360 

003  7 

I486 

P55 

EOU 

55 

HWE12370 

0038 

1487 

P56 

EOU 

56 

HHE12380  1 

00  39 

1488 

P57 

EOU 

57 

HHC12390  ; | 

003A 

1489 

P58 

EQU 

58 

HWE12400  1 

0038 

1490 

P59 

EOU 

59 

HHE 124 10  1 

003C 

1491 

P60 

EQU 

60 

. . . HHE  1.2420  ■ ,| 

0030 

1492 

P61 

EQU 

61 

HHE  12  4 30  1 

003  E 

1493 

P62 

EQU 

62 

HWE12440  1 

003F 

1494 

P63 

EOU 

63 

HWfcl24  50  4 

1495 

* 

HWc 12460  1 
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0001 
-oao2  - 

0003 

0004 

0005 

0006 
0007 

_ 0008 

0009 
OOOA 
OOOB 
00  OC 
0000 
POPE 
OOOF 

0010 
0011 
0012 
0013 
0019 

0015 

0016 


1501  VT128  EOU 

1503  VT130  EOU 

1509  VT131  EOU 

1505  VT132  EOU 

1506  VT133  EOU 

1507  VT134  EOU 

VT135  EOU 

1509  VT136  EOU 

1510  VT137  EOU 

1511  VT138  EOU 

1512  VT139  EOU 

1513  VT190  EOU 

1519  VT141  EOU 

1515  VT142  EOU 

1516  VT143  EQ'J 

1517  VT149  EOU 

1518  VT195  EOU 

1519  VT196  EOU 

1520  VT197  EOU 

1521  VT198  EOU 

15_22__  VT199  egg 

1523  ♦ 

1529_  VT150  EQU 

1525  VT151  EOU 


TRIM  VALUES  HHE12980 

STAiNDARU  trims  XPl  HWE12990 

ANALOG  TRIM  EOU  HI^FIZSOO 

COMPUTED  VALUES  EOU  HUE  12510 

SPEED  REQUEST  HWE12520 

SPEEf,  BEQUEST  TRUnR  EHtt  IMTEGBATMHEl  7SW 

SPEED  REQUEST  INTEGRATION  UP  HHE12540 

SPEED  REQUEST  INTEGRATION  OQHN  HHE12550 

INTEGRATED  SPEED  REQUEST  HHE12560 

LIMIT  UP  HNE125TO 

LIMIT  DOWN  HHE 12580 

SCALED  BASE  RATIOS ElGlQ-3 HWE12590 

SCALED  START  INTERCEPT  FlGlO-7  HWE12600 
SCALED  THIRD  RANGE  FlGlO-7  HHE12610 

SCALED  INC  INTEGRATION  FIGlO-8  HHE12620 
SCALED  DEC  INTEGRATION  FIGIO-B  HWEI263Q 
SCALED  MINIMUM  RATIOS  HHE12690 

ZERO  FLOW  ADJUSTMENT HHE12650 

MAXIMUM  VALVE  SETTING  HHE12660 

MINIMUM  VALVE  SETTING  HW6126T0 

SCALED  LON  N IGV  FIGlO-12  MH612680 

SCALED  LON  N BLEEDS  FIG10-I2  LME12690 
TEMPERATURE  REO  MNE12700 

FUEL  RATIOS  FINAL FIGIO-B HME»  2710 

COMPUTED  FUEL  REQUEST  FlGlO-8  Hwr . 2720 
SELECTiD  VARIABLE  STORAGE  HhE12J30 

FlGlO-3  RPM  REQUEST  CONTROL  MWE12790 

POMER  LEVER  RPM  REQ  HHE12750 

LOU  SPEED  SET  HUE  12760 


OUIA 

1527 

VT153  EOU 

+26 

POS  RPM  DNZDT 

HUE12780 

0018 

1528 

VT.159  EOU 

*27 

NE6  RPM  DN/DT 

HJUE1279Q 

obic 

1529 

VT155  EOU 

+26 

SPEED  LIMIT  TEMP 

HUE12800 

0010 

15  30 

VT156  EOU 

+ 29 

SPEED  Rf  gUEST 

HUE12B10 

1531 

FlGlO-9 

COMPUTED  DIGITAL  RPM 

HWE12820 

001 E 

15  32 

VT157  EOU 

♦ 30 

HUE12830 

OOIF 

1533 

VT158  EOU 

+ 31 

MAX  FUEL  REQUEST 

HUE 12 840 

0020 

1539 

VT159  EOU 

+ 32 

SPEED  ERROR 

HHE12B50 

002  1 

1535 

VT160  EQU 

♦ 33 

SPEED  RATIOS  ERROR 

HUE12B60 

1536 

HHE12B70 

1537 

FIG  10-6 

PROPORTIONAL  TEMP  CON 

HUE12880 

1538 

VT196  TEMP  REO 

HHE 12 890 

0022 

1539 

VT161  EQU 

♦ 39 

RATIOS  SPEED  CONTROL 

HUE  12900 

0023 

1590 

VT162  EOU 

+ 35 

TEMP. RAT  IDS  ERROR 

HUE  12910 

0029 

1591 

VT163  EQU 

♦ 36 

LOU  OF  RPM  AND  TEMP 

HUE12920 

1592 

* 

EIGlO-5 

PROP. PRESSURE  CONTROL 

HUE  129  30 

0025 

1593 

VT169  EOU 

♦ 37 

PRESS  REQUEST 

0026 

1599 

VT165  EOU 

♦ 38 

PRESS  ERROR 

HUE  1 2950 

002  7 

1545 

VT166  EOU 

+39 

RATIOS  PRESS  ERROR 

HUE 12960 

0028 

1596 

VT167  EQU 

+90 

LOU  07-  P.T.AND  RPM 

HUE 12970 

1597 

* 

HUE  12980 

0029 

1598 

VT168  EOU 

+91 

RESERVED  =VT167 

HUE 12090 

1599 

FIGlO-5 

BASE  RATIOS  INTEGRATE 

HWE 13000 

002A 

1550 

VT169  EOU 

♦ 92 

INTEGRAI  ION  VALUE 

HUE  130 10 

0028 

1551 

VT170  EOU 

+43 

BASF  RAT  ms  TNT  PI  MS 

HUFl  3020 

00 2C 

1552 

VT171  EOU 

+ 94 

RATIOS  REQUEST 

HUE  130  30 

1553 

♦ 

HWE 13040 
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0020 

1554 

1555 

4 

vn  72 

eou 

5 

FlGlO-'i  MAX  RATIOS  SCHEDULE 

SCHEDULE  T2  VALUE 

HWE13050 
HWE130  60 

002  E 

156  6 

V7173 

EOU 

6 

start  ratios 

HWE 130  70 

0C2F 

1557 

VTl  74 

EQU 

-*<f7 

2ND  RANGE  START  RATIO 

HWE130  80 

0030 

155  8 

VT175 

EOU 

+48 

LOW  QF  173  AND  174 

HWE13090 

0031 

1559 

VTl  76 

EOU 

+49 

3RD  RANGE  VALUE 

HWE13100 

0032 

1560 

VT177 

EOU 

+50 

HIGH  OF  175  C 176 

HWE13110 

0033 

1561 

VTl  78 

EOU 

+ 51 

ACC  SCHEDULE 

HWE13120 

003A 

1562 

VTi79 

EOU 

+52 

LOW  1 78  £ 177 

HWE!3130 

0035 

1563 

VT180 

EOU 

+53 

VALVE  CONTROL  INPUT  POINT 

HWE13140 

0036 

1564 

VT181 

EOU 

■r54 

MAXIMUM  RATIOS 

HWE13150 

0037 

1565 

VT182 

EOU 

+55 

RATIOS  MOOIFIFD 

HWE13160 

0038 

1566 

VT183 

EQU 

♦56 

LOW  RAVIOS  WITH  SPEED 

HWE13170 

0030 

1567 

VT184 

EOU 

+57 

MAXIMUM  VALVE  DUF  TO  RATIO 

HWE13180 

1568 

FIGURE  I.OA-3  AND  4 VALVE  POS 

HWE13190 

00  3 A 

1569 

V ri85 

EOU 

♦58 

MAXIMUM  VALVE 

HWEi320C 

003B 

1570 

VT18& 

EOU 

+59 

MAX  VALVE  AFTER  N SAFETV 

HWEl37tO^ 

00  3C 

1571 

VT187 

EOU 

+60 

MAX  VALVE  AFTER  "THER  CUNT 

HWE1322D 

0030 

157T“ 

vtTaa 

e6u~ 

+61 

IDLE  MINIMUM  SCHEDULE 

HWE13Z30 

003E 

1573 

VT189 

EQU 

+62 

IDLE  MINIMUM  RATIOS 

HWF13240 

003  F 

1574 

VT190 

EOU 

+63 

minimum  ratios 

HWE13Z50 

00<,0 

1575 

';T191 

EOU 

+64 

MINIMUM  RATIOS  OUT 

HWE13260 

0041 

1576 

VT192 

EOil 

+6  5 

MINIMUM  VALVE  REQUEST 

H WE 13270 

0042 

1577 

VT193 

EOU 

♦ 66 

FUEL  P.EOUEST 

HWE13280 

&043 

1578 

VfT94 

eoii 

+6  7 

FACTORED  BURNER  PRESSURF 

HWE13290 

0044 

1579 

VT195 

fcOU 

+68 

FUEL  RE0UES7  OUTPUT 

HWE13300 

0 045 

1580 

VI  196 

EQU 

♦69 

fuel  RATIOS  PROP.  ADDER 

HWE1331C 

158’ 

♦ 

MWE13320 

00  t6 

1582 

1583 

VT1Q7 

SQU 

+ 70 

FIG1o-9  temperature  CONTROL 
TEMPERATURE  RFwUEST  ACC 

HWE13330 

HWE13340 

0047 

1584 

VT198 

EOU 

♦ 71 

TEMPERATURE  ERROR  aCC 

HWE 13350 

0048 

1585 

VT199 

EOU 

♦ 72 

temperature  ratio  prop  ACC 

HHE13360 

0049 

1586 

VT200 

EOU 

+ 73 

TEMPERATURE  REQUEST  OcCEL 

HWE1337D 

00  4A 

1587 

VT201 

EOU 

+ 74 

temperature  error  oecel 

HWFI338D 

0048 

1586 

VT202 

EOU 

+ 75 

TEMPERATURE  RATIOS  DECEL 

HWE13390 

1589 

« 

nWE 13400 

1590 

FIGlO-10  PRESSURE  RATIO  CONT 

HWE134:0 

00  4C 

1591 

VT203 

EOU 

+ 76 

DP/P  LOW  N SCHEDULE  REO 

HWE 13420 

0040 

1592 

VT204 

EOU 

+ 77 

OP/P  MID  N SCH==Di)LE  REO 

HWE13430 

004E 

1593 

VTZ05 

EQU 

+ 78 

DP/P  HIGH  N SCHEDULE  REO 

HWE13440 

004F 

1594 

VT206 

EOU 

+ 79 

Op/p  error 

hWE13450 

00  50 

1595 

VT207 

EOU 

+ 80 

DP/P  INTEGRATION 

HWE13460 

1596 

* 

HWE134V0 

1597 

4 

FIGlO-12  IGV  AND  BLEED  SCHEDULE 

HWE 13460 

0061 

1598 

VT208 

EQU 

+ 81 

LOW  N SCHEDULF 

HWF134Q0 

0052 

1599 

VT209 

EOU 

+ 82 

HWE13500 

0053 

1600 

VTZIO 

EOU 

+83 

HIGH  N HID  T 

HHF13510 

0054 

1601 

VT211 

EOU 

+ 64 

S"PFEO  range  IGV 

HWE 13520 

0055 

T602 

TT712' 

“Etnr 

♦^ 

HUE! 3530 

00  56 

1603 

VT213 

EQU 

+ 86 

IGV  REQUEST  DAC  / 

hwe;?5  VO 

005  7 

1604 

VT214 

EQU 

♦ 87 

SPEED  range  bleeds 

HWE13550 

0058 

1605 

V7215 

EQU 

+ 88 

BLEED  REOUFST  DAC2 

HWE13560 

1606 

HWE135~0 

1607 

FIGlO-14  NOZZLE  CONTROL 

HWEl'-  30 

0059 

1608 

VTZ16 

EOU 

+ 89 

HWEIB'HO 

00  5 A 

16Q9 

V T 2 1 7 

£GU 

+ 90 

N02ZLE  '•‘IP  S^EtD 

0058 

1610 

VTZ18 

EOU 

+9l 

NOZZLE  HIGH  SPEED 

HWF13610 
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005C 

1611 

VT219 

EOU 

♦9? 

NOZZLE  REQUEST  DAC  3 

HWE13620 

00  3D 

1512 

VT220 

EOU 

♦93 

DAC4  OUTPUT  VALUE 

HWE13630 

OOSE 

1613 

VT221 

EOU 

♦94 

HWEi3640 

00  sr 

1614 

V1223 

EOU 

♦95 

HWE13'-  50 

0060 

1615 

WT223 

EOU 

HWE13660 

UC61 

1616 

V7224 

EQU 

♦ 97 

0AC2  OUTPUT  ADJUSTMENT  NO 

HWE13670 

0062 

1617 

VT225 

EOU 

♦9tt 

DACZ  OUTPUT  VALUE 

HWEI368n 

0063 

1618 

yT*226 

EOU 

♦ 99 

EFFECTIVE  LOCP  OUTPUT 

HWe  13690 

1619 

« 

ANALOG  VARIABLE 

HWE13700 

1620 

9 

FIRST  STRIP 

HWFJ.3  710 

0064 

1621 

•;T22 

EOU 

♦ 100 

DP/P  EK14 

HWE13720 

0065 

1622 

9T228 

eou 

♦ IQl 

. - PPVER.  L.EY.EK ^tM4 

Hj!iEJ,.2J.30_ 

0066 

162  3 

wT229 

EOU 

♦ 102 

INSTRUMENT  VAR  EK14T4 

HWE  1.3740 

0067 

16^4 

VT230 

EOU 

♦ 103 

BURNER  PRESS  EK14 

HWE13750 

0068 

1625 

VT231 

EOU 

♦ 104 

BURNER  PRESS  El.l 5P IHHE 1 37bO 

006S 

1656 

VT2  32 

:qu 

♦ 105 

0P-.  P3-PS  ER15P2 

HHE13770 

006A 

U27 

V.233 

EOU 

♦ 106 

P2  COMP  INL^-T  EK15P3 

HHE13780 

0068 

1628 

WT234 

EOU 

♦ 107 

BLEED  PRESS  P23£K1>P4 

HWFii790 

006C 

1629 

VT235 

EOU 

♦ 106 

POSITION  INPUT  EK15 

HHE13  800 

00 6U 

16  30 

VT2  36 

EOU 

♦107 

ANALOG  SPEED  INST 

HWE13810 

0C6E 

1631 

VT237 

EOU 

+ 110 

BLEED  PRESS  '2.4  P5 

HWE13820 

006F 

16  ,2 

VT238 

EOU 

♦ 111 

BLEED  PRESS  P2.5  P6 

HWE13830 

0070 

1633 

VT239 

EOU 

♦ 112 

TURBINE  OISCH  PRES  P6 

HWE)  3840 

0071 

1634 

VT2''rf) 

EOU 

♦ 113 

ENGINE  DISCH  PRES  P9 

HWr  13  850 

OC72 

1535 

VT241 

EOU 

♦ 114 

PRESSURE  RATIO 

F'WEl  3860 

00  73 

1636 

VT242 

SOU 

♦ 115 

HHE13e70 

0074 

1637 

VT243 

EOU 

♦ 116 

HWE138B0 

00  75 

16  38 

VT244 

EOU 

♦ 117 

HWE13890 

’-639 

<- 

third  strip  EK18 

HWE13900 

00  76 

1640 

WT245 

EOU 

♦ lie 

COMP  TEMP  INLET  TA 

HWE  139 10 

0077 

1641 

VT246 

EOU 

♦ 119 

COMP  TEMP  OISCH  TB 

HWE 13920 

00  78 

1642 

VT247 

EOU 

♦ 120 

TURBINE  INLET  TC 

HHF  13930 

0070 

1643 

VT248 

EOU 

♦ 121 

TURBINE  DISCH  TO 

HWE  13940 

00  7A 

16  V4 

VT249 

EOU 

♦ 122 

POWER  LEVER  PLAl 

HWE  13950 

0C7B 

1645 

VT250 

EOU 

♦ 123 

PURER  LEVER  PLA2 

HWF 13960 

00  7C 

1646 

VT251 

EOU 

♦ 124 

FILTER-LFAU-LAG  VAR 

HWE13970 

00  I D 

164  7 

VT252 

EUU 

♦ 125 

SPARE 

HWE13980 

00  7F 

1648 

VT253 

I i>  0 

♦ 126 

SPARE 

HWF  13990 

1649 

SPARE  POINT 

HWE  14000 

00  7F 

1650 

VT2  5.. 

+ 127 

HWF14C10 
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1652 

TRIMS  LOCATION  VALVES 

HWE140  30 

FFFF 

16?3 

VTOOl  EQU. 

-1 

HMEIAOAO 

FFFE 

16  5A 

VT002  EOU 

-2 

HWE1405C 

FFFO  _ . 

.1655. 

VI003  ECO 

-3  

HWE1A060 

FFFC 

16  56 

VTOOA  EOU 

-A 

HUE  140  70 

FFF8 

1657 

VT005  EOU 

-5 

HWE14080 

FFFA 

1658 

VT006  EOU 

-6 

HWE140  90 

FFF9 

1659 

VT007  EOU 

-7 

HWE14100 

FFF0 

1660 

VTOOe  EOU 

-8 

HWE14110 

FFF7 

lr.61 

VT009  EOU 

-9 

HWE1-.120 

FF'-'j 

1662 

VTOIO  EOU 

-10 

HWE14130 

FFF5 

1663 

VTOll  EQU 

-11 

HWE14140 

FFFA 

166A 

VT012  EOU 

-12 

HWE1A150 

FFF3 

1665 

VT013  EQU 

-13 

MWE14160 

FFF2 

1666 

VT014  EOU 

-14 

HWF1417C 

FFFl 

1667 

VT015  EOU 

-15 

HWEIAIBO 

FFFO 

1668 

VT016  EOU 

-16 

riWElA190 

FFEF 

1669 

VTOl 7 EQU 

-17 

HWE1A200 

FFEE 

16  70 

WTO  18  lOU 

-18 

HWE1A210 

FFEO 

1671 

WTO  19  EOU 

-19 

HME1A220 

FrEC 

16  72 

VT020  EOU 

-20 

HWE1A2  30 

FFEB 

1673 

WT021  EQU 

-21 

HWEIA2A0 

FFEA 

16  74 

VT022  EQU 

-22 

HWE1A2  50 

FFE9 

_ 16-15. 

. VT023  rou 

-23 

HWE1A260 

FFEB 

16  76 

VT02A  >:0U 

-24 

HWE1A270 

FFE7 

♦ -77 

VT025  EOU 

-25 

HWE1A230 

FFEB 

1678 

VT026  FQU 

-26 

HWE 14290 

FFE5 

1679 

VT027  EOU 

-2  7 

HUE  14300 

FFEA 

1680 

VT028  EOU 

-ze 

HUE1A310 

FFE3 

1681 

..  V1C29  EOU 

-29 

HW&  1 4!)?0 

FFE2 

1662 

VT030  EQU 

-30 

HWE1A330 

FFE  1 

1663 

VT031  EOU 

-31 

HWE1A3A0 

FFEO 

1684 

Vt'b32  MU 

-32 

HWE  143  SO 

FFOF 

1685 

VT033  EQU 

-33 

HWE1A360 

FFOE 

1666 

VT034  EOU 

-3A 

HWE  143  70 

FFOD 

1687 

VT035  EOU 

-35 

HWE14380 

FFTXr 

IbW 

VT0'36~EW”' 

-36 

HWE14390 

FFDB 

’.689 

VT037  EOU 

-3  7 

HWE14400 



1690 

VTOSe  EQU 

-38 

HWE14410 

FFD9 

1691 

VT039  EQU 

-39 

HWE  14420 

FFD8 

1692 

VT'OAO  EQU 

-AO 

HWE  14430 

FFD7 

1693 

VT041  EOU 

-Al 

HWE 14440 

FFDB 

169A 

vT0A2  EOU 

-A2 

HWE144  50 

FF05 

1695 

VT0A3  EOU 

-A3 

HWE  14460 

FFOA 

1696 

VT0A4  EOU 

HWE  14470 

FFD3 

1697 

VT0A5  EOU 

-A5 

HWE14480 

FF02 

l69B 

VT0A6  EOU 

-46 

HWE  14490 

FFDl 

1699 

VT0A7  EOU 

-4  7 

HWE14500 

FFnO 

1700 

VT0«f8  EOU 

-48 

HWE1':510 

FFCF 

1701 

VT049  EOU 

-49 

HWE14520 

ffc'e 

1702 

VT050  EOU 

-50 

HWE14630 

FFCD 

1703 

VT051  EOU 

-51 

HWE14540 

FFCC 

1704 

VT052  EOU 

-52 

HWE14550 

PFCB 

1705 

VT053  EOU 

-53 

HWE14560 

FFCA 

1706 

VT05A  EOU 

-54 

HWE14570 

FFC9 

170  7 

VT055  EOU 

-55 

HWE14580 

FFCB 

17Cft 

VT056  FDII 

-56 

HWF14590 
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FFC7 

1709 

VT05V  EOU 

-57 

FFC6 

1710 

VT058  EOU 

-58 

FFC5 

1711 

VT059  EOU 

-59 

FFC4 

1712 

VT060  EOU 

-60 

FFC3 

1713 

VT061  EOU 

-61 

FEC2 

1714 

ylll6.2iQU- 

-62^ 

FFCl 

1715 

VT063  EOU 

-63 

FFCO 

1716 

VT064  EOU 

-64 

FFBF 

1717 

VT065  EOU 

-65 

FFBE 

1718 

VT066  EQU 

-66 

FFBO 

1719 

VT067  EOU 

-67 

FfB.C_. 

1720 

v.TOjiua_Eau_ 

-68 

FFBB 

1721 

VT069  EOU 

-69 

ffba 

1722 

VT070  EOU 

-70 

FFB9 

1723 

VT071  EQU 

-71 

FFBB 

1724 

VT072  EOU 

-72 

FFB7 

1725 

VT0  73  EOU 

-73 

FFB6 

1726 

VT074  EOU 

-74 

FF85 

1727 

VT075  EOU 

-75 

FFB4 

1728 

VT076  EOU 

-76 

FFBB 

1729 

VT077  EOU 

-77 

FFB2 

1730 

VT076  EOU 

-78 

FFBl 

1731 

VT0  79  EQU 

-79 

FFBO 

U12_ 

VT080  EOU 



ffaf 

1733 

VT081  EOU 

-81 

FFAE 

178.A 

VT082  EQU 

-82 

FFAD 

1735 

VT083  EOU 

-83 

FFAC 

1736. 

VT084  EQU 

-84 

FFAB 

1737 

VT085  EOU 

-85 

FFAA 

1736 

VT066  £0U 

■:86 

FFA9 

1739 

VT087  EOU 

-87 

FFAB 

1740 

VT088  EQU 

-88 

FFA7 

1741 

VT089  EQU 

-89 

FFAB 

1742 

VT090  EOU 

-90 

FFA5 

1743 

VT091  EOU 

-91 

FFA4 

1744 

VT092  EOU 

-92 

FFA3 

1745 

VT093  EOU 

-93 

FFAZ 

1746 

VT094  EOU 

-94 

FFAl 

1747 

VT095  EQU 

-95 

FFAO 

1748 

VT096  EOU 

-96 

FF  9F 

1749 

VT097  EQU 

-97 

FF9E 

1750 

VT098  EOU 

-98 

FF  90 

1751 

VT099  EQU 

-99 

FF9C 

1752 

VTIOO  EQU 

-IGO 

FF  98 

1753 

VTlOl  EOU 

-101 

FF9A 

1754 

VT102  EOU 

-102 

FF99 

1755 

VT103  EOU 

-103 

FF98 

1756 

VT104  EQU 

-104 

FF9T“ 

1757 

VT105  EOU 

-105 

FF96 

1758 

VT106  EOU 

-106 

FF95 

1759 

VT107  EQU 

-107 

FF94 

1760 

VT108  EOU 

-108 

FF93 

1761 

VT109  EOU 

-109 

FF92 

1762 

VUIO  EOU 

-110 

FF91 

1763 

VTIU  Eou 

-111 

FF90 

176-* 

VT112  EOU 

-112 

FFBF 

i765 

VT113  EOU 

-113 

T2=10XF  DEG 
T3*10XF  DEG 
TA=10XF  DEG 

T5nloXF_  OEiL  _ 

ADJUSTMENT  NUMBER  SELECTED" 
ADJUSTMENT  REGISTER  NUMBER 
SAFETY  DIGITAL  NUMBER 
PB»100XPS1 
DP=IOOOXPSI 

P2glODOXPSI 

P2  3 - P2  = iOO  X P S r 
P2A-P2=100XPSI 
P25-PZ*10DXPS1 
P5  =100XPS1 
PO  =1000XPSI 


HME1A600 

HHElAfelO 

HWE1A6Z0 

HWE14630 

HWE1A6A0 

HMEl'tBBO 
HWEl<t670 
HWEIA680 
HWE14<)90 
HWE 14700 

-HWEUtXia- 

HWE14720 
HWE 14730 
HME14740 
HWE147B0 
HWE14760 

HWE1477C 

HWE147M 

HWE14790 

HWEIASOO 

HWE14810 

HWE14820 

HWE14830 

HWE14840 

Hwei48ii0 

HWE14860 

HWE14870 

HWE14880 


HWE1A900 
HWEH91Q 
HWE14920 
HWE14930 
HWE14940 
HWE14950 
HWE 14960 
HWE14970 
HWE  149  80 
HWE14990 
HWE 15000 
HWE  150  10 
HWE  I 50  20" 
HWFI5D  30 
HWE  150  40 
HWE15050 
HWE  150  60 
HWE15070 
HWEISOBO’ 
HWE15090 
HWE15100 
HWE15U0 
HWE15120 
.HHF1513D 
HWL15140 
HWE15150 
HWE151  60 
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FFBF 

L 7 66 

VT114  FOU 

-114 

HUE  151  70 

■■Ferj 

176  7 

VT115  EOU 

-115 

HWF15180 

FF8C 

1768 

VT116  EQU 

-116 

HWE15190 

FF8B 

1769 

VT117  EQU 

-117 

HWF1520n 

FF8A 

1770 

VT118  EOU 

-118 

HWE15210 

FF89 

I77i 

VT119  EQU 

-119 

HWFl 5220 

FF88 

1772 

VT120  FQU 

-120 

HWF15230 

FF87 

1773 

VT121  EQU 

-121 

HWFl 5240 

FF86 

17  74 

VT122  FQU 

-122 

HWFl  52  50 

FF85 

l'V5 

VT123  EQU 

-123 

HWF15260 

FF84 

17  76 

VT124  FQU 

-124 

HWF15270 

FF83 

1777 

VT125  EOU 

-125 

HWFl 5260 

FF82 

1778 

VT126  EQU 

-176 

HW61 5290 

FF81 

1779 

VT127  EOU 

-127 

HWE15300 

05  8A 

1780 

END 

HWE15310 

000  ERROR(S)  AND  OOO  WARNING!  S)  IN  ABOVt  ASSEIlBLY. 


'i 
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Table  B-14.  Bendix  Bounds  Program 
Cross  Reference 


...VALUE^  R«t. 

oe.FN. 

REFERENCES' 

PTH34 

0789 

i 

964 

959R 

PTH41 

-i- 

1018 

-_10_13A 

PTH42 

03FE 

1 

1012 

100  7R 

PTH43 

P5F6 

1 

ICj6 

lOOlR 

PTH44 

03  EC 

1 

999 

994R 

0446 

1 

. -1075 

1Q70R 

PTHM 

04  3E 

1 

1069 

1064R 

PT  H53 

043ft 

1 

1063 

_1058R 

PTH54 

0420 

1 

10  56 

1051R 

POSA 

0564 

1 

, 391 

1384R 

POO 

0000 

0 

1431 

POl 

0001 

0 

1 V32 

P02 

0002 

0 

1*  33 

P03 

000  3 

0 

14  34 

A 04 

0004 

0 

1435 

P05 

0005 

0 

14-6 

P06 

0006 

0 

1437 

P07 

0007 

0 

1431 

P08 

0008 

0 

14  39 

P09 

0009 

0 

1440 

PIO 

000  A 

0 

1441 

PU 

OOOB 

0 

1442 

P12 

OOOC 

0 

1A43 

P13 

0000 

0 

1444 

P14 

OOOE 

0 

1445 

fl5  . . 

. 00.0F 

0 

1446 

P16 

0010 

0 

1447 

PI  7 

0011 

0 

1448 

P18 

0012 

0 

1449 

506K 

P19 

0013 

0 

1450 

508R 

P20 

0014 

0 

1461 

510R 

.P?l 

0015 

0 

1452 

312R 

P22 

0016 

0 

1453 

‘■'UR 

P2  3 

0017 

0 

1454 

516R 

P24 

OOIB 

0 

1456 

6.'.8R 

P2  5 

0019 

0 

1456 

Si’OR 

P '2  ft 

OOIA 

0 

1457 

522R 

P27 

0018 

0 

145B 

52.iR 

WTC“ 

“0” 

52  VR' 

P29 

OOID 

0 

1460 

529R 

P30 

ooie 

0 

1461 

5311’. 

P31 

OOIF 

0 

1462 

533R 

P32 

0020 

0 

1463 

535R 

P33 

0021 

0 

1464 

537R 

P 34  ■ ' 

- 0022 

0 

1465 

■ 539R 

P3  5 

0023 

0 

1466 

541R 

P36 

0024 

0 

1467 

54  7R 

P3  7 

0025 

0 

1468 

549R 

P38 

0026 

0 

1469 

551R 

P39 

0027 

0 

1470 

553R 

^40 

— -TOje- 

“TT 

— 1471  - 

■5S5R  ■ ■ 

P4l 

0029 

0 

1472 

560R 

P42 

002A 

0 

1473 

565R 

P43 

0028 

0 

1474 

5 70R 

P44 

00  2C 

0 

1475 

574R 

P4S 

nn?n 

1 476 

»577R 

"60TE 

“0“ 

i^rr 

579K 

P4  7 

00  2F 

0 

1 478 

583R 

P48 

00  30 

0 

1479 

58  7R 

229 
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Table  B>  14.  Bendix  Bounds  Program 

Cross  Reference  (Continued) 

I 


SYMBOL 

VALUe 

REL 

OEFN 

REFERENCES- 

P49 

0031 

0 

IA80 

591R 

P5U 

0032 

0 

14B1 

596R 

P51 

0033 

0 

1482 

598R 

P52 

00  3A 

0 

14B3 

600R 

P53 

00  35 

0 

.484 

60  2R 

P54 

0036 

0 

1485 

605R 

P55 

0037 

0 

1486 

611P 

P56 

0038 

0.  . 

14?  7, 

-612A- 

Pb7 

00  39 

0 

14BB 

622R 

P58 

0Q3A 

0 

1489 

62  7R 

P59 

003B 

0 

1490 

629R 

P60 

003C 

0 

1491 

631R 

Pol 

00  3D 

0 

1492 

63  3R 

Pbl 

003E 

0 

L493 



P63 

0C3F 

0 

1494 

638R 

RAMN 

01E3 

1 

483 

461M  A65R 

RDOUT 

0165 

1 

360 

355R 

RPM 

OlEO 

1 

479 

455R 

RSTAL 

0010 

1 

13 

369R 

RSTSA 

0175 

1 

37B 

373R 

SAFND 

01C6 

1 

45? 

43  5R  443  R 44  7R 

SAMI 

02C2 

1 

721 

681M 

SAM2 

02C3 

1 

722 

720M 

SAH3 

02E0 

1 

751 

744M  746R 

SAM4 

02E1 

1 

752 

750M 

SAM6 

OADF 

1 

1221M 

SAM7 

OAEA 

1 

1252 

1243M 

SAMB 

OAFO 

1 

1259 

1226M  1250H 

START 

01A7 

1 

337 

12R 

STTVT 

OOA9 

1 

IBB 

74  M 

STOOO 

00A6 

1 

78 

3BBR 

._&LQP1 

-.OOAE, 

. -J5.. 

14R 

ST002 

0050 

1 

80 

16R 

ST  00  3 

0051 

1 

81 

IBR 

ST004 

0052 

1 

82 

20R 

ST005 

0053 

1 

83 

22R 

ST006 

005A 

1 

84 

24R 

ST  007 

0055 

1 

85 

26R 

STOOB 

0056 

1 

^6 

28R 

ST009 

0057 

1 

89 

30R 

STOlO 

0058 

1 

90 

32R 

STOll 

0059 

1 

91 

34R 

ST012 

005A 

1 

94 

36R 

ST013 

005B 

1 

95 

38R 

STOIA 

005C 

1 ■ 

§6 

^Or 

ST015 

0050 

1 

97 

A2R 

STO  16 

005E 

1 

98 

AAR 

ST017 

005F 

1 

99 

46R 

STO  18 

0060 

1 

100 

48R 

ST019 

0061 

1 

101 

50R 

ST020 

0062 

1 

102 

52R 

ST021 

0063 

1 

103 

5AR 

STOP2 

00 6A 

1 

104 

56R 

ST023 

0065 

1 

105 

58R 

STOi  A 

0066 

1 

109 

60R 

ST0L5 

0067 

1 

110 

62R 

STO?h 

□068 

1 

111 

6AR 

ST  02  7 

0069 

1 

114 

66R 

ST028 

006A 

1 

115 

68R 

230 
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Table  B-14.  Bendbc  Bounds  Program 

Cross  Reference  (Continued) 


value 

8EL 

OSFN 

REFERENCES- 

ST02V 

0068 

1 

116 

TOR 

STOao 

00  6C 

1 

in 

72R 

ST031 

0060 

I 

116 

189R 

ST032 

006E 

1 

M9 

191R 

ST033 

006  F 

L 

120 

193R 

ST  034 

0070 

1 

121 

1958 

ST035 

0071 

1 

122 

197R 

ST  03  6 

0072 

1 

126 

199K 

ST03  7 

0073 

127 

20 IR 

ST038 

0074 

1 

U6 

203R 

ST039 

0075 

1 

129 

20  SR 

ST  040 

0076 

1 

130 

20  7R 

ST041 

0077 

1 

131 

209K 

. _STQ4£ 

0078 

1 

132 

211R 

ST043 

0079 

1 

133 

21 3R 

ST  044 

007A 

1 

134 

2 ISP. 

ST045 

0078 

1 

135 

21 7R 

ST  046 

00  7C 

1 

136 

219R 

ST047 

0C70 

1 

137 

221R 

ST  048 

007F 

1 

138 

223R 

”WTF~ 

“T 

139 

ii'JR 

ST  050 

.0080 

A 

140 

:■  i >7 

ST051 

OOflX 

1 

146 

22Vk 

ST052 

0082 

1 

147 

231R 

“ STOSS'  ' 

OOBS 

1 

148  ■■ 

■ 23 3R 

ST  054 

0084 

1 

149 

2 3SR 

rro5? 

0065 

1 

~iTr- 

2I7R 

ST056 

0086 

1 

153 

239R 

■ STOSTT" 

0087 

154- 

241R 

ST058 

0088 

1 

155 

243R 

'■“STOS4' 

008  9 ■ 

■ r - 

■■  ITS 

"'■'245R 

ST  060 

008A 

1 

157 

247R 

ST061 

0088 

1 

iSB 

249R 

ST  062 

008C 

1 

159 

251R 

ST063 

0080 

1 

160 

253R 

ST  064 

008E 

1 

161 

255R 

ST065  ■ 

OOSF 

1 

162 

25  7R 

ST  066 

0090 

1 

163 

259R 

ST067 

OWT" 

~r 

164 

ZaI'R* 

ST  06  8 

0092 

1 

i.65 

263R 

'i:to64 

009  S 

I 

T66' 

56 

STO?0 

0094 

1 

167 

267R 

' ST07I 

0095 

1 “ 

168 

269R 

ST072 

0096 

1 

169 

2 71R 

ST073  00 9T 

r 

170 

271R 

ST074 

0098 

1 

171 

2 75R 

ST075 

0099 

1 

172 

277R 

ST076 

009A 

1 

173 

2 79R 

5T077 

0098 

i 

174 

281R 

ST078 

009C 

1 

175 

2B3R 

ST  079" 

U09CT 

“1  ■ ■ 

■n76' 

27T5R 

ST080 

009E 

1 

177 

287R 

ST081 

O09F 

1 

178 

289R 

S^OHZ 

00  AO 

1 

179 

291R 

ST0B3 

OOAl 

1 

IBO 

29  3R 

ST0G4 

00A2 

1 

181 

275R 

“TTObS 

OOA3 

1 

182 

29  7R 

STOC  j 

00  A4 

i 

183 

299R 

ST067 

OOA5 

i 

184 

tOlR 

231 


Table 


Be.ndix  Bounds  Program 
Cross  Reference  (Continued) 


SYMBOL 

VALUE 

REL 

DEFN 

REFERENCES- 

ST08B 

0UA6 

1 

IHb 

30  3R 

ST089 

OOA7 

1 

IHh 

305M 

ST090 

QUAB 

1 

IB7 

30  7R 

TtMPA 

04DE 

1 

1 238 

1246M 

1248R 

T6MP2 

OlDO 

1 

474 

4 77R 

TEMP3 

0142 

1 

331 

3 66M 

TEMP4 

0143 

1 

332 

354H 

3 76R 

TEMPS 

0144 

1 

333 

3 8 7H 

392M 

TtMPb 

04  70 

1 

1121 

unoM 

U02H 

TESTN 

UIE2 

1 

482 

454M 

4 5 7M 

THNR  . 

0140 

1 

329 

346M 

350M 

TRIMS 

0141 

1 

330 

467M 

544M 

T2100 

03E1 

1 

990 

806K 

T217S 

0422 

1 

1047 

804R 

T22S 

U33E 

1 

H49 

81  2R 

T2S0 

03H1 

1 

9U9 

H lUR 

T275 

03bfa 

1 

9Sb 

80BR 

VALID 

OICF 

1 

4b9 

456M 

VALPO 

0484 

1 

1143 

1142M 

VALUE 

013E 

1 

327 

324R 

353M 

VLVEL 

OIWH 

1 

440 

43  IR 

VTOOl 

FFFF 

0 

16S3 

15M 

6 5 7R 

VT002 

FFFE 

0 

1654 

1 7M 

661R 

VT003 

FFFO 

u 

1655 

19H 

762P 

VT004 

FFFC 

u 

16  56 

21H 

6 79:r 

VTOOb 

FFPH 

0 

1,65  7 

2iH 

6 82R 

VTOOb 

FFFA 

0 

165H 

25M 

6B5« 

V!  00/ 

FFFV 

Ij 

1659 

2 7M 

694R 

VTOOB 

FFF6 

0 

1660 

29M 

697R 

vroov 

FFF7 

0 

1661 

31H 

754R 

VTOlO 

FFFft 

0 

1662 

33M 

V65H 

VTUII 

FFFS 

u 

1663 

35M 

U61R 

VTOl? 

FFF4 

u 

1664 

3 7M 

VT013 

FFF3 

u 

1665 

39M 

VTU14 

FFF2 

0 

1666 

4lM 

VTOlb 

FFFl 

u 

1667 

43H 

VTOU 

FFFO 

0 

1668 

45M 

VTOl  7 

FFL-F 

0 

1669 

4 7M 

VTOU 

FFEfc 

0 

1670 

49M 

VT019 

FFECJ 

V 

1671 

51M 

vToro 

FFEC 

0 

1672 

53M 

VT021 

F F ■;  K 

u 

1673 

55M 

VT022 

t-FcA 

0 

1674 

5 7M 

VT  U2  3 

1 FE9 

u 

1675 

59M 

VT024 

FFEH 

0 

16  76 

6lM 
10  79R 

B43ft 

VT02S 

FF-L7 

0 

1677 

63H 

B14R 

VT  6 

FFF6 

u 

1678 

65M 

1 144R 

VT0i7 

FFEb 

0 

1679 

6 7M 

1167H 

VT02M 

FFE4 

u 

16BU 

69H 

1364R 

VT029 

FFE3 

0 

1681 

71M 

10B9R 

VT030 

FFE2 

0 

16B2 

73M 

1U84R 

VT031 

FFE  1 

0 

1683 

190H 

114SR 

VT032 

FFEO 

0 

16U4 

192M 

1154R 

VT033 

FFDF 

0 

16B5 

194M 

1157R 

VT03  4 

FFin' 

0 

1686 

196M 

VT03S 

FFOIJ 

u 

16H7 

198M 

VT03  6 

FFDC 

0 

1 63B 

200M 

VT03  7 

FFDH 

0 

1689 

202H 

ib\k  ^OOR  A16R 


357»-  j59h 


B46R 

87BK 

6B1R 

938R 

9418 

84  9R 

90Ofl 

955R 

990R 

U»47k 

9R7K  1019K 


l07hK 


i 

;1 
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r 

f- 
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Table  B-14.  Bendbc  Bounds  Program 

Cross  Reference  (Continued) 


SYMBOL 

VALUE 

REL 

DEFN 

REFERENCES- 

VT038 

FEDA 

0 

1690 

204H 

VT039 

FFD9 

0 

1691 

206M 

VT040 

FFD8 

0 

16  92 

208H 

VT041 

FFD7 

0 

1693 

210M 

VT0A2 

FFD6 

0 

1694 

212M 

VT  0A3 

FFU5 

0 

1695 

214M 

VT044 

FF04 

0 

16  96 

216H 

VT  04  5 

FFr.3 

0 

1697 

218M 

VT046 

FFD2 

0 

16  98 

220M 

VIC'S  7 

FFDl 

0 

1699 

222M 

VTO  - a 

FFDO 

0 

1700 

224M 

VT  0 -.  } 

FFCF 

0 

1701 

226H 

VT060 

FFCE 

0 

1702 

228M 

VT051 

FFCD 

0 

1703 

2 30H 

J.259R 

VT052 

FFCC 

0 

1704 

232M 

1262H 

VT053 

FFCB 

0 

1705 

2 34M 

1281R 

VT054 

FFCA 

0 

1/06 

236M 

1284R 

VT055 

FFC9 

0 

1707 

2 38M 

1339R 

VT056 

FFC8 

0 

1708 

240H 

1 348R 

VT05  7 

FFC7 

1709 

242M 

1354R 

VT058 

FFC** 

0 

1710 

244H 

vr069 

FFC5 

0 

1711 

246H 

VT060 

FFC4 

0 

1712 

24BM 

VT  061 

FFC3 

u 

1713 

2 50M 

VT062 

FFC2 

0 

1714 

252M 

VV063 

FFCl 

0 

1715 

2 54M 

VT064 

FFCO 

0 

1716 

256M 

VT065 

ffbf 

0 

1717 

2 5BM 

VT066 

FFBE 

0 

1718 

260M 

VT057 

FF80 

u 

1 . 19 

262M 

VTC168 

FFBC 

0 

1720 

264M 

'/T059 

FF8B 

0 

1721 

266M 

VTC70 

FFBA 

0 

1722 

268M 

VT071 

FFB9 

0 

1723 

2 TOM 

VT072 

FFB6 

0 

1724 

272M 

VT073 

FFB7 

0 

1725 

2 74H 

VT074 

FFB6 

0 

1726 

276M 

1385R 

VT075 

FFBb 

0 

1727 

2 78M 

‘VTOTi 

TFffA 

0 

ITZh 

VT07  7 

FFB3 

0 

1729 

262M 

VT078 

FFB2 

0 

17  30 

?84M 

VT079 

FFBl 

0 

1731 

286M 

VT080 

FFBO 

0 

17  32 

F-BCM 

VT081 

FFAF 

0 

1733 

290M 

1367R 

VT0B2 

FFAE 

0 

1734 

292M 

/T083 

FFAD 

0 

1735 

294M 

VTO04 

FFAC 

0 

17  36 

/96M 

VT085 

FFAB 

0 

1737 

298M 

Vt086 

FFAA 

0 

1730 

30  OM 

VT087 

FFA9 

0 

1739 

302M 

VT086 

FFA8 

0 

1740 

30  4M 

VT089 

FFA7 

0 

1741 

306M 

VT090 

FFA6 

0 

1742 

30  8M 

VT091 

FFA5 

0 

1743 

VT092 

FFAA 

0 

1744 

VT093 

FFAB 

0 

1745 

462M 

VT094 

FFA2 

0 

"T746 

342M 

VT095 

FFAl 

0 

1747 

610f‘ 

VT096 

FFAO 

0 

174B 

6l6M 

I 


I 

8 


I 

■J 

■1 


> 

I 
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Table  B-14 


. Bendix  Bounds  Program 
Cross  Reference  (Continued) 


SYMBOL 

VALUE 

REL 

DEFN 

REFERENCES- 

VT097 

FF9F 

0 

1749 

621M 

VTQ9B 

FF9E 

0 

1750 

626H 

VT099 

FF9D 

0 

X75X 

371R 

3 75M 

VTXOO 

FF9C 

0 

X752 

3 77H 

VTIOX 

FF9B 

0 

1753 

36  7M 

378R 

397R 

41 3R 

429R  432R  444R 

VTX02 

FF  :?A 

0 

1754 

559H 

VTX03 

FF99 

0 

1755 

564M 

VI 104 

FF98 

0. 

X756  . 

569K 

VTX05 

FF97 

0 

1757 

5 73M 

VTX06 

FF96 

0 

1758 

582H 

VT107 

FF95 

0 

1759 

586M 

VTX08 

FFS4 

0 

1760 

590M 

VTX09 

FF93 

0 

1761 

59  5M 

VTXXO 

f-iZ 

0 

X7fe^ 

5^M 

VTX  XX 

FF9X 

0 

176  3 

509M 

VTX  12 

FF90 

0 

1764 

511M 

VTX  13 

FF8F 

0 

X7o5 

51  3H 

VTX14 

FF8F 

0 

1766 

515M 

VTX  15 

FF0O 

0 

1767 

51  7H 

VT1X6 

FF8C 

0 

1768 

519H 

VTX  17 

FF8B 

0 

1769 

521M 

VTX  18 

FF8A 

0 

1770 

523H 

VTX  19 

FF89 

0 

1771 

526M 

VV120 

FF88 

0 

1772 

528M 

VTX2X 

FF07 

0 

1773 

530M 

VT122 

FF86 

0 

UZ4  . 

VTX23 

FF85 

0 

1775 

534M 

VT124 

FF84 

0 

1776 

536M 

VTXZ5 

FF83 

0 

1777 

538M 

VTX26 

FF82 

0 

1778 

540M 

VT127 

FF8X 

0 

1779 

542M 

VT12S 

0001 

0 

1501 

6 70M 

70  5R 

721R 

VTXZ9 

0002 

0 

1502 

70  7M 

.TX30 

0003 

0 

li03 

712H 

VTX31 

0004 

0 

1504 

718M 

VTX32 

0005 

0 

1505 

706R 

71 9R 

722M 

730R 

731R 

VT133 

0006 

0 

1506 

684M 

689R 

692R 

VT134 

0007 

0 

1507 

696M 

70 IR 

7C2R 

VT135 

0008 

0 

1508 

VTX36 

0007 

0 

1509 

VT137 

OOOA 

0 

1510 

VT138 

0008 

0 

15X1 

VT139 

OOOC 

0 

1512 

VT140 

OOOD 

0 

1513 

1066H 

1091R 

VTUx 

OOOE 

0 

15X4 

1163H 

VT14Z 

OOOF 

0 

1515 

1X56H 

1191R 

1192R 

VTX<t3 

0010 

0 

1516 

1159H 

1173R 

1176R 

VT144 

0011 

0 

15X7 

1261M 

1265R 

1270R 

VT146 

00X2 

n 

1518 

128  3H 

1287R 

1292R 

VT146 

0013 

M 

1519 

VTX47 

00X4 

0 

1520 

1165M 

120BR 

VTl^'8 

00X5 

0 

1521 

U7TM 

1203R 

1206R 

13  79R 

VTX  ■'■(9 

00  16 

0 

1522 

40  IH 

404  R 

VT150 

0017 

0 

1524 

668M 

VT151 

00  16 

0 

1525 

660H 

670R 

673R 

VTI52 

00X9 

0 

1 526 

664H 

6 75R 

6 76R 

VTX  53 

001 A 

0 

1527 

69  3M 

709R 

710R 

VTX  54 

00  IB 

0 

1528 

704H 

714R 

73  7R 

VTl 

00  1C 

0 

1529 

72  3ri 
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Table  B-14.  Bendix  Bounds  Program 

Cross  Reference  (Continued) 


SYMBOL 

VALUE 

REL 

DEPM 

REFERENCES- 

VT156 

OOID 

0 

1530 

733H 

759R 

1322R 

VT157 

OOIE 

0 

1532 

991R 

966M 

790R 

939R 

95BR 

965R 

1106R 

1268R 

12<H)R 

VTl  58 

OOIE 

0 

1633 

762M 

1196R 

U96R 

VT  159 

0020 

0 

1539 

761M 

VT16C 

0021 

0 

1535 

769K 

76  7R 

vTlfcl 

0022 

0 

1539 

768H 

V7  7M 

ll?9ft 

VT162 

0023 

0 

1690 

VTl  63 

0029 

0 

1691 

VTl  69 

0026 

0 

1693 

VT  165 

0026 

u 

1 699 

VT166 

0027 

0 

1595 

VT  197 

0026 

u 

1 396 

VT166 

0029 

0 

1596 

VT  169 

002A 

0 

1650 

VTl  70 

002B 

0 

1551 

VT171 

00  2C 

0 

1552 

VTl  72 

0020 

0 

1555 

VT  173 

002E 

0 

1556 

VT179 

002F 

0 

1557 

VTl  75 

0030 

u 

1556 

VT176 

0031 

0 

1559 

VT177 

0032 

0 

1560 

VTl7b 

0033 

0 

1561 

VT  179 

00  29 

0 

1562 

VTl  BO 

00  35 

0 

1563 

758M 

U90ft 

1 L91H 

VT  181 

0036 

0 

1569 

L062M 

U95R 

• VT182 

0037 

u 

1565 

1197M 

1176R 

VT  183 

0038 

0 

1566 

1 1 8 VM 

VTl  H9 

00  3 9 

0 

1567 

1190M 

Ua3R 

VT185 

00  3 A 

u 

1569 

U99M 

* VT1B6 

003H 

0 

15  70 

1198M 

VT  187 

OOK 

0 

1571 

1202M 

VTl  0b 

00  3D 

0 

1572 

110  5M 

1109R 

lUOR 

VT  189 

00  3E 

0 

1573 

U12M 

VT190 

0O3F 

0 

1579 

10V3M 

IU9R 

1 1 1 7R 

VT  191 

0090 

0 

1575 

IU8M 

U66R 

VT192 

009  1 

0 

1576 

U72M 

VT  193 

• »092 

0 

1577 

120  7M 

13  1 7R 

1381K 

VTl  99 

U093 

u 

I57d 

U53M 

1 170R 

1 1 H«R 

VT  195 

ro99 

(1 

157V 

1209M 

VTIS6 
VT  l«?V 
VTl  tja 
VT  19^ 
VT20U 
V7201 
VT2fi2 
-T203 
VT209 
VT20!> 
VT2  06 
VT207 


fJOi-i. 
nUitb 
U09  7 

DOA(? 
Ou^  9 
009  A 
009  Ei 
U09C 
0U90 
OU96 
UU9F 
0U50 


1580 

1583 

1589 

1585 

1586 
1507 
1586 

1591 

1592 
I 59  3 
1599 

1595 


I332K 

7608 

9658 


81YR 

99iR 


6298 

10O08 


899K  . 
10  20R 


H52R 
10  50R 


8598 
10  579 


879ft 

1077ft 


91 ?R  919R 
10R7R  1095R 


)200R 


VT2  08 

0051 

0 

1598 

121HM 

1266R 

1269k 

1268k 

1291R 

3 

VT  209 

0052 

0 

1 599 

VT2  lu 

0053 

0 

1600 

U2  5M 

1299H 

I25  7h 

1269k 

12bbk 

VT211 

0(J59 

0 

1601 

VT2  12 

0055 

0 

16U2 

126  7^1 

1277R 

1 
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Table  B«14.  Bendix  Bounds  Program 

Cross  Reference  (Continued) 


SVH80L 

VALUE 

REL 

OEFN 

REFERENCES- 

VT213 

0056 

0 

1603 

1279H 

VT214 

0057 

0 

1604 

1Z89H 

1299R 

VT215 

0058 

0 

1605 

1301M 

VT216 

0059 

0 

1608 

VT217 

005A 

0 

1609 

1330H 

1341R 

VT218 

005B 

0 

1610 

1345H 

1356R 

VT219 

00  5C 

0 

1611 

1362H 

VT220 

0050 

0 

1612. 

410M 

VT221 

005E 

0 

1612 

VT222 

005F 

0 

1614 

VT223 

0060 

0 

1616 

VT224 

0061 

0 

1616 

417M 

420R 

VT225 

0062 

0 

1617 

426M 

VT226 

006  3 

0 

1618 

1386M 

1389M 

VT2Z7 

0064 

0 

16  21 

54  8 M 

yi2ta. 

0065 

0 

1622 

550M 

VT229 

0066 

0 

16  2 3 

552M 

VT230 

0067 

0 

1624 

554H 

VT231 

0068 

0 

1625 

556H 

6B6R 

VT232 

0069 

0 

1626 

561H 

VT233 

006A 

0 

1627 

566M 

74  7R 

VT234 

006  B 

0 

162b 

571M 

VT235 

006C 

0 

16  29 

575M 

VT236 

0060 

0 

1630 

5 78M 

73  7R 

VT23  7 

006E 

0 

1631 

580M 

VT238 

006F 

0 

1632 

5 84M 

VT239 

0070 

0 

16  33 

588H 

VT240 

0071 

0 

1634 

592H 

VT241 

0072 

0 

1635 

59  7H 

VT242 

0073 

0 

1636 

599M 

VT243 

0074 

0 

16  37 

601M 

VT2<»9 

0075 

0 

1638 

603M 

VT245 

0076 

0 

1640 

60  7H 

7Z3R 

VT246 

0077 

0 

1641 

613M 

VT247 

0078 

0 

1642 

VT248 

0079 

0 

1643 

624M 

134  7R 

VT249 

00  7 A 

0 

1644 

628M 

b'-5R 

VT250 

007B 

0 

1645 

6 30M 

VT25i 

00  7C 

0 

1646 

632M 

VT252 

0070 

0 

1647 

634M 

VT2  53 

007E 

0 

1648 

636M 

VT2  54 

007F 

0 

1650 

639M 

HFP3 

02F7 

1 

785 

769M 

XRl 

0567 

1 

1396 

3M 

XR2 

0569 

1 

139  7 

4M 

XR3 

056E 

1 

1398 

5M 

GTECT 

DMP  FUNCTION  COMPLETED 
♦STORE  GTECT 

GT  ECT 

DMP  FUNCTION  COMPLETED 


6B6R  69BR  IISIR 


7Z3R  80ZR  1213R  1219R  1291R  1252R 


HHE15320 
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Table  B'*14.  Bendbc  Bounds  Progrson 

Cross  Reference  (Ctoncluded) 

//  JOB  VOISK  17  JUL  74  16.08J  HRS 

/.'  DMP  17  JUL  74  16.083  HRS 

•DELETE  S GTE85  »«»«» 

OHi'  FUNCTION  COMPLETED 

•STCRcCl  S GTE85  04 

•INCLOGTE 1N/0400,GTECT/0604,GETTM/0909 
•CCEND 


MPX, 

BUlLU 

GTE  85 

R20 

GTE  IN 

LEV.C 

NON -RE ENT 

PROG 

R20 

GTECT 

LEV.L 

NON-REENT 

PROG 

R2C 

GETTM 

LEV.O 

NON -KEEN T 

PROG 

_ R2Q 

HHECT 

LEV.O 

NON -R CENT 

PROG 

MPX, 

G"EB5 

LO  XQ 

CL  WC 

OF  0080  STORED  AT  04FE 

OMP  FUNCTION  COMPLETED 
-77  EN.P  17  JUL  74  16.108  HRS 


) J 

i ;j 

: i 

i i 
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Figure  B-1.  Functional  Flow  Diagram  Speed  and 
Pressure  Control  Program 
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Figure  B-2.  Initialization  Logic  for 

Speed  and  Pressure  Program 
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MULTIPLY 
KEPll  (XRI) 


MULTIPLY 
KEF21  (XRI) 


MULTIPLY 
KEF31  (XRI) 


MULTIPLY  XEFNI  (XRI)  |TST2  » 

,,,7 ► TST2>TST2^1 


BRANCH  NEC 


C1-C13 

C2-C23 

SETX1-TST3 


MULTIPLY 
KEF31  (XRI) 


MULTIPLY 
KEF41  (XRI) 


MULTIPLY  ^EFNI  ()m)  ^ ^ 

«^RANCH  NEC 

_T 

NCFT 

Figure  B-4.  Interpolation  Logic 

Figure  B-5.  Integral  Speed  and  Prespure  Calculation 
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Figure  B-6.  Limiting  Logic  for  Integral  Speed  and 
Pressure 


VT128 
''pla\  NPLl  + j 


BRANCH 
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P3P 

P5E1 
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WEFl  - 

WEF 

VT128 
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2’ 

3300 

VT128 


BRANCH 

NEG 


multiply! 
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2^ 


CX2  = 

128 

-CXI 
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P3L 
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P5L 

WEFl 

WEFL 

P?  Z 

-* 

P3M 

P3t'> 

P5M 

WEF2 
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WEFM 

CX2  = 128 -CXI 
P3E2  - P3L 

DIVIDE  CXI.  •*  '’’L 

2475  WEF2  - WEFL 

P3E3  - P3M 

P5E3  - P5M 
WEF3  - WEFM 


DIVIDE 

2475 
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CX2  ^ 
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1 /.,7 

P3L 

1 

P3M 

n 

1/2 

CX2  = 

128 

-CXI 

P3E3 

P3L 

P5E3 

-4 

P5L 

WEF3 

WEFL 

P3E4 

-4 

P3M 

P5E4 

-• 

P5M 

WEF4 

- 

WEFM 

CXI  . MULTIPLY  I CX2j  multiply! 

^ P5L  I "^hpsm  r 


MULTIPLY 


MULTIPLY 

CX2 

MULTIPLY 

WEFL 

WEFM 

MULTIPLY 

1 /'I  f •• 


Figure  B- 7.  Interpolation  for  PT3,  PT5  and  Fuel  Request 
as  a Function  of  Lower  Lever 
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P5PL  - VT162 
P3PL  - VT163 
ENK  - VT164 
WF-N  - VT165 

— 

KEFNl  - VT166 
KEFN2  - VT167 
Kf.FN3  - VT168 
KliFN4  - VT169 

PT5NB  - VT170 
PT3NB  - VT171 
EPK  • VT172 
WPFN  - VT173 

► 

KPFN2  VT174 
KPFN3  - VT175 
KPFN4  - VT176 

N 

VT157 


PTS^^  ME2 

vnolSrvfii' 


VT102  T-VT19B 


''‘PLA 

VT128 


MP2 


VTI99 


MULTIPLY 

KEFNl 


DIVIDE  I S 

2’ 


multiply 

KEFN2 


ME3  _ I MULTIPLY 
KEFN3 


DIVIDE  IVT202  + 

100  • 2’ 


DIVIDE 
100  • 2^ 


SUMEF 


MULTIPLY 

KEFN4 


DIVIDE  |VT2 

-,12 


WEFN  _ DIVIDE 

► j2 


Figure  B-8.  Fuel  Request  Calculation 


24.S 


iiy*;  TTvjp*y  V 
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Figfure  B-8.  Fuel  Request  Calculation 
(Concluded) 


VT072 


SUMEF  - VT071 
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VT01?/2^ 

7T013 

VT014 

VT015/2^ 

VT01V2^ 

VT017 

VT018 

VT019/2^ 

VT020/2^ 

VT021 

VT022 

VT023/2^ 
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VT041 

VT042 
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VT04422^ 

VT045/2* 

VT0<a/2^ 
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VT048 

VTO49/2'* 

VT050 

VTO6I/2'’ 

VT062/2^ 

VT063 

VT064/2^ 

VT065 
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VT068 

VT069 


KEF]  1 

WEFl 

P3T1 

KEF14 

KEF21 

WEF2 
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KEF24 
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KEF34 
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j 
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Figure  B-13.  Initialization  Logic  for  Speed  and  Temperature 
Program 
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m 


’ *3 


11,550 


N 

VT157 


fTIN2\— i5i525_^ 


^ANCH 


MULTIPLY 

2’ 


VT157 


Figure  B-14.  Interval  Determination 


VT102  ^1  MULTIPLY 
6 


DIVIDE 

KITHD  _ VT102  _ 

MULTIPLY 

3^00 

► pf3  » 

200 

Figure  B-16.  Filter  Logic  for  T4  Whistle  Speed  and 
Temperatvire  Controller  (Concluded) 
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Figure  B-18.  Limiting  Logic  for  Integral  Speed 
and  Integral  Temperature 
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7 ^ 
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2475 
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P5M 
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Figure  B- 19.  Interpolation  for  FT 3,  PT5  and  Fuel  Request 
as  a Function  of  Power  Lever 
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'VT162 

‘VT163 

►VT164 

►VT165 


KEFNl  -*>VT166 
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WTFN  ♦VU68 
KEFN4  -►VT169 


P5TNB 

P3TNB 

ETK 

<TFN 


-♦  VT170 
VT171 
-►  VTX72 
-* VT173 


KTFN2  -►  VT174 
KTFN3  -•  VT175 
KTFN4  -►  VT176 


PT5^ME2^  .PT3^ 

VT10¥'VVT197  VT102 


. ME3 

P— ^ 

'1VT198 


*^PLA 

VT128 


VT108 


VT103 


VT199 


P5TNB 


P3TNB 


T4WF  , 


y VT200 


ETK  — ► MT4  \~ ►iFREQEj 
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KEFNl  I 


MULTIPLY 

KEFN2 


ME3  _ MULTIPLYl 
^ KEFN3  I 


ME4  _ MULTIPLY 
^ KEFN4 


DIVIDE 

SUMEF 

2^ 
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Q ^ 
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DIVIDE  VT204 
12 


SUMEF 

SUMEF 

SUMEF 
K SUMEF, 


Figure  B-20.  Fuel  Request  Calculation 
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SUMPF=  32,700 


Figure  B-20.  Fuel  Request  Calculation 
(Concluded) 
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t 


VT073 


9828  VT074 


Figure  B-21.  Mode  Select  Logic 
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DIVIDE  YNMl  , 
KLAGO  VT180 


Figure  B-22,  Fuel  Request  Filter  Logic 
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APPENDIX  C 

RATE  MODELS  FOR  INTEGRAL  CONTROL 


In  Sections  III  and  IV  of  Volume  I,  a rate  model  (Reference  5)  with  integral 
control  (Reference  6)  is  used  in  the  linear  quadratic  synthesis  (see  Table  13 
of  Volume  I). 

The  model  is  derived  here.  Spool  speed  notation  is  used  althou^  the  results 
are  applicable  to  pressure  and  temperature. 

N = aN  + be  + ce  + 
e = dN  + fP 

where 

N = Model  spool  speed 
e = Error 

P = Model  power  lever 
T|  - Disturbance 

and  a,  b,  c,  d and  f are  constants  to  be  determined  to  yield  good  response 
characteristics.  Good  response  means  that  (1)  N responds  toP  like  a first- 
order  plant,  and  (2)  there  is  much  integral  control  (sufficient  to  hold  N against 
steady  load  disturbances  r| ). 

The  model  is  derived  in  the  following  equations. 

a = (c-3) 

^ 2 

s - (a  + bd)s  - cd 


(C-1) 

(C-2) 
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(a  + bd)  ± (a  + bd)  -\/l  + ■ 

V (a  -t-  bd) 

2 


(C-4) 


Choose  (a  + bd)/2  and  X- 


(C-5,C-6) 


Take 


b = 1.  0 

c = -bX.(a  + bd)/2 


(C-7) 

(C-8) 


Then 


2(^-j— ) - bd 


f{s  - \(%-^)  } 
{s  - f 


(C-9) 


(C-10) 


(C-11) 


The  transfer  function  and  roots  for  Equations  (C-1)  and  (C-2)  are  given  by 
Equations  (C-3)  and  (C-4).  If  the  second  term  in  the  radical  Is  equal  to  -1,  two 
identical  roots  are  obtained.  This  choice  is  made. 

The  quantity  (a  + bd)/2  is  chosen  equal  to  the  desired  pole  position. 

The  value  of  X.  = 0.  75  yields  an  excellent  approximation  to  first-order  response. 

Coefficient  data  are  presented  below.  Equations  (C-7),  (C-8),  (C-9),  and 
(C-10)  yield  a,  b,  c and  d;  is  then  selected  by  use  of  Equation  (C-2)  to  yield 
the  correct  steady-state  relationship  between  N and  P. 


Equation  (C-11)  presents  the  resulting  transfer  function.  It  is  seen  that  X 
positions  the  zero  relative  to  the  poles. 
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1 


r 

! 

i 


Coefficient  data 


Root 

-2.  0 

a 

-1.  3333 

+1.  0 

c 

+1.  5 

-2.  6667 

-4.  0 

-2.  6667 

+1.0 

+3.  0 

-5.  3333 

-10.  0 

-6.  6667 

+1.0 

+7.  5 

•13.  333 
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APPENDIX  D 
SIMPLE  OPTIMIZATION 


A derivation  is  presented  of  the  algorithm  used  for  control  simplification 
(e.  g. , paragraph  3,  page  131  through  paragraph  2,  page  134  of  Volume  I 
for  simple  speed  control).  This  derivation  is  a slight  modification  of  the 
original  (pp.  7 - 19  of  Reference  D -1).  The  source  program  is  listed  in 
Appendix  I of  Reference  D-l, 

The  algorithm  has  more  capability  than  was  used  on  the  Turbine  Engine  Con- 
trol Synthesis  contract.  On  this  contract,  the  algorithm  was  used  to  find 
the  optimal  (simple)  gains  at  each  of  12  operating  conditions  (four  each  for 
cipeed,  pressure,  and  temperature).  The  algorithm  could  have  been  used  to 
determine  (say)  the  best  single  value  of  P3  gain  (over  the  12  operating  con- 
ditions), while  the  other  gains  (N,  EN,  PT5,  etc.  ) were  optimized  at  each  of 
the  12  operating  conditions.  In  this  case,  the  P3  gain  is  "fixed"  and  the  N, 
EN,  etc. , gains  are  variable;  hence,  the  Reference  D-l  name  for  the  algo- 
rithm: "Fixed-Plus-Variable  Gain  (FPVG). " For  this  turbine  control  syn- 
thesis, the  fixed-gain  feature  was  suppressed  by  working  each  operation 
condition  aeparately. 


BACKGROUND 


The  fixed-plus- variable  (simple  optimization)  quadratic  design  procedure 
helps  to  solve  a technical  problem  which  confronts  the  major  technical  issues 
of  engine  control  system  design: 


• High  dimensionality 

• Simplification 

• Variability 
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High  dimensionality  is  the  reason  the  design  procedure  employs  the  theory 
of  quadratics.  This  theory  has  been  used  before,  on  the  B-52  LAMS  (Ref. 
D-2),the  C-5A  LAMS  (Ref.  D-3).  and  the  YF-12  LAMS  (Ref.  D-4).  All  cf 
these  programs  involved  design  of  flexure  control,  whore  the  dynamic  order 
of  the  models  could  be  truncated  to  no  less  than  20  to  30  states. 

Simplification  arises  because  optimal  quadratics,  while  promising  solutions 
to  dimensionality,  yield  control  systems  of  substantial  complexity.  They 
demand  feedbacks  from  all  states  to  all  controls.  It  is  necessary  to  incor- 
porate the  constraints  of  measurement  feasibility  and  control  complexity 
into  the  fixed- plus -variable  design  procedure.  These  constraints  were  in- 
corporated on  the  YF-12  LAMS  program  for  single  flight  conditions  and  on 
the  F-4  Lateral  Axis  program  (Ref.  D-5)  toi  single  and  multiple  flight  con- 
ditions with  fixed  gains. 

The  third  problem  confronted  is  that  of  variability  with  respect  to  aero- 
dynamic pararr.eters,  vehicle  configuration,  and  mass  distribution.  Fixed 
gains  were  used  on  the  F-4  Lateral-Axis  program  over  an  entire  flight 
envelope,  but  the  controller  performance  suffered  because  of  it,  even  though 
the  aircraft  does  not  have  flexure  problems  as  do  the  B-52  and  YF-12.  On 
this  contract  (Ref.  D-1),  we  use  fixed-plus -variable  gains  to  alleviate  the 
problem  of  variability. 

The  formulation  of  the  fixed-plus-variable  quadratic  design  procedure,  and 
the  computational  techniques  used  in  the  px'ocedure,  are  discussed  in  this 
Appendix, 


PROBLEM  FORMULATION 

The  aircraft  is  represented  at  various  points  of  the  flight  envelope  and  for 
various  configurations  and  mass  distributions  by  a collection  of  p frozen- 
point  linear  plants: 


(D-1) 


dx. 

1 

dt 


F.x.  + G..U.  + 
11  11  1 


2i 


■n 


r.  = H.x,  + D.u, 

1 11  i 1 


i = 1.  ....  p 


M.x. 
1 1 


(D-2) 


Here  x.  is  the  state  vector  for  plant  i which,  for  flexible  aircraft,  includes 
the  following  dynamics; 

• Rigid-body  states 

• Actuator  and  servo  states 

• Significant  flexure -mode  states 

• Low-frequency  sensor  states 

• Model  states  (if  state  model-following  is  used) 

• Kusner  and  Wagner  states  (associated  with  unsteady  aerodynamics) 

• Wind  states  (associated  with  atmospheric  gust  models). 

The  vector  u^  represents  control  variables,  T|  is  a unity  variance  white  noise 
vector,  r^  is  a vector  of  responses  to  be  controlled  (stresses  and  stress 
rates,  accelerations  at  selected  fuselage  stations,  model-following  errors, 
control  magnitudes  and  rates,  etc.  ),  and  y^^  is  a vector  of  measurements 
(accelerometer  outputs,  gyro  outputs,  etc,  ),  The  matrices  F.  (open-loop 
stability  matrix),  (control  input  matrix),  Ggj^  (disturbance  input  matrix), 
(response  output  matrix),  (control  output  matrix)  and  (measure- 
ment matrix)  are  of  appropriate  order. 

The  above  enumeration  of  components,  vectors,  and  matrices  is  for  an  air- 
plane for  which  Reference  D-1  was  concerned.  Tables  40,  41,  and  42  of 
Volume  1 list  comparable  items  for  turbine  control  synthesis. 
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We  now  look  for  a time 'invariant  controller  of  the  form 


u.  = K.y.  (D-3) 

1 r 1 

such  that  the  following  performance  index  is  minimized: 

P 

J = a.J.  (D-4) 

i=l 


where 

J.  = E |Tr  [q.  r.r."^  ] } i = 1.2,  ....  p (D-5) 

T 

Here  E [ • } denotes  expectation,  Tr  [ • ] is  the  trace  operator,  and  ( • ) 
denotes  transpose  of  ( • ). 

The  Q.  are  quadratic  weights  for  flight  condition  i which  are  selected  through 
quadratic  equivalence  or  by  means  of  a few  trial  design  iterations  (the  art 
of  the  design  procedure).  The  are  flight-condition  weights  selected  as 
needed,  A few  suggestions  about  how  to  select  them  appears  later  in  the 
discussion  of  the  specific  examples.  The  cost  functional  J is  a generalization 
of  the  standard  quadratic  performance  index  of  a single  plant  and  represents 
a weighted  performance  over  the  flight  envelope. 

For  turbine  control  synthesis,  an  operating  condition  corresponds  to  a 
flight  condition  in  aircraft  control  synthesis.  An  opeiating  condition  for 
turbine  synthesis  is  given  by:  (1)  equilibrium  speed  control  at  (2)  sea  level 
static  p.t  (3)  70-percent  power  lever  setting. 

The  gains  matrices  are  in  general  of  the  form 

K.  - + K.^  i = 1 1 (D-6) 

11 
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where  K is  a matrix  of  fixed  gains  constant  over  the  flight  envelope,  and 

5 

K.  are  the  matrices  of  variable  gains  which  vary  over  the  flight  envelope, 

5 

For  a fixed-gain  design,  the  are  empty. 

The  necessary  conditions  for  the  optimality  of  the  K.  are  obtained  from  the 
Maximum  Principle  (Ref.  D-6).  Let  us  rewrite  the  performance  index  as 


P 

J = ^ a^Tr  I + D.K.M  'i-  D^K.mJ  X.  | 

i-1 

where  the  covariance  matrices 


(D-7) 


(D-8) 


are  solutions  of  the  Lyapunov  equations 


0 = [f.  + Gj  .K.mJ  X.  + X.  [f.  + G^K.mJ  ^ . i = 1 p (D-9) 

Equations  (D-7)  and  (D-9)  are  used  to  define  a Hamiltonian: 


P 

H = y*  i o.Tr  [h.  + D.K.M.  1 [h.  + D.K.M.  1 X. 

L-.il  Li  iiiJ^iLi  iiiji 

i=l 


+ TrS. 


’[( 


F.  + 
1 


G,  .K.M. 

Ill  II 


X.  + X.  : 
1 1 


+ G..K.M. 
li  1 1 


(D-10) 


H is  differentiated  with  respect  to  the  covariance  matrices  Xj^,  the  adjoint 

matrices  3.,  and  with  respect  to  all  the  nonconstrained  gains  of  the  matrices 
1 5^ 

K and  K.  . The  necessary  conditions  for  optimality  for  this  fixed-plus - 
variable-gain  control  are: 


272 


T 


• i?-  = Pi  * PP  M 


= »> 


i = 1. 


(D-11) 


• = F.  +G..K.M.  "^S.  + S.  IF.  + G..K.M. 

oX^  liiij  1 ill  liii 


+ tt.  H.  + D.K.M.  "Q.  H.  + D.K.M.  = 0; 
ill  111!  ill  111' 


(D-12) 


i = 1,  ....  p 


(D-13) 


for  all  noncoKStrained  elements  of  fixed  matrix  K^. 

(In  the  above,  {A}  , denotes  the  •tm'fb  element  of  mairix  A.  ) 


3H 


3K® 


<,mi 


Tq.  I H.  + DjK.M. ) H.  Gj  Ts,  I X.M.T  - C;  (D-14) 


i = 1,  , , . , p,  for  all  nonconstrained  elements  1'^  of  fbe 

5 


variable -gain  matrices  K/ 

i “ 1.....  p 


K.  - + K.®; 


(D-13) 


COMPUTATIONAL  SOLUTION 

The  solutions  of  Equations  (D-11)  through  (D-14)  obviously  do  not  exist  in 
closed  form.  Thus,  an  iterative  gradient  search  is  necessary. 

Equations  (D-11)  and  (D-12)  are  solved  quite  readily  for  arbitrary  gains; 
matrices  K.  through  the  use  of  computer  algorithms  that  have  been  avail- 
able for  some  time  (such  as  explained  in  Ref,  D-7),  The  solutions  of  these 
equations,  the  and  S^,  are  used  in  the  computation  of  the  gradient  com- 
ponents of  Equations  (D-13)  and  (D-14). 

The  development  of  the  iterative  gradient  search  algorithm  to  solve  Equa- 
tions (D-13)  and  (D-14)  was  the  main  effort  of  this  contract. 

A Newton-Raphson  gradient  technique  was  already  developed  and  used  for  a 
fixed-gain  design  on  the  F-4  Lateral-Axis  program  (Ref.  D-5/j  however,  for 
the  fixed-plus-variable  quadrati-.  design,  the  number  of  components  in 
Equation  (D-14)  can  be  quite  large,  causing  insurmountable  computational 
difficulties  with  that  technique,  because  it  requires  a matrix  of  second 
partial  derivatives. 

Computing  a matrix  of  second  partial  derivatives  requires  solving  a Lyapunov 
equation  for  each  fixed  gain  and  for  each  variable  gain  for  each  flight  condi- 


Other  problems  encoxa^tered  with  the  Newton-Raphson  gradient  technique 
can  be  solved  witli  a variacUi  stepsis^e. 


.n 


In  view  of  the  problems  with  this  gradient  technique,  we  decided  to  go  with 
the  straight  gradient  search,  computing  no  second  partial  derivatives,  and 
using  a variable  stepsize.  We  did,  however,  use  some  ideas  of  the  predictor 
corrector  scneme  in  implementing  the  gradient  search.  This  resulted  in 
what  we  call  the  incremental  gradient. 


INCREMENTAL  GRADIENT 


Let  K.(X.)  be  the  gain  matrix  for  plant  i defined  as 


K.(X)  = K^(X)  + K.^X)  + XKj2;  0 s X s 1;  i = 1, 


(D-16) 


and  let 


K.(l)  = K^(l)  + K.^1)  + 


(D-17) 


be  the  optimal  quadratic  gains  for  plant  i on  the  measurements  y.  found 
through  the  solution  of  the  Riccati  Differential  Equation,  * and  let 


K.(0)  = K^<0)  + K.®(0)  = = K. 


(D-18) 


be  the  final  gains  matrix  for  plant  i.  The  expression  X is  a scalar  param- 
1 5 

eter;  K and  K.  are  fovind  by  using  the  incremental  gradient  procedure 
^ 15  2 

which  starts  with  initial  gains  K (1)  and  K.  (1);  K,  are  simply  the  difference 

*•  ^1  5 

between  tlie  optimal  gains  K.(l)  and  initial  gains  K (1)  + K.  (1). 


In  terms  of  I quation  (D-16),  the  necessary  conditions  for  optimality  of  K 

5 

and  are  that 


d.TtK.(X)] 


(D-19) 


l>.  = 0 


5J[K.(\)]1 

1 I 


(D-20) 


> = 0 


’•This  requires  tViat  the  be  square  and  nonsingular.  They  can  be  made  so 
by  adding  direct  measurements  of  states  not  necessarily  measurable. 
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In  fact,  if  we  start  with  X = 1 and  satisfy  Equations  (D-19)  and  (D-20)  for  all 

X in  [o.  1]  . Equations  (D-19)  and  (D-20)  are  certainly  true  for  X = 0.  At 

the  same  time,  we  are  ensuring  with  high  probability  that  a global  minimum 
1 5 

of  J(K  + ) is  reached  because  we  are  starting  in  the  "deepest  valley  of 

j"  and  forcing  X to  zero  along  the  trajectory  {k^(X),  K^^(X),  1 ^ X ^ O}. 

Since  we  are  then  "on  the  walls  of  the  deepest  valley.  " along  with  the  knowl- 
edge of  J[K.(1)]  and  J[K^(0)  + Kj^^(O)]  . we  can  terminate  the  search  for  the 
global  minimum. 


Stein  and  Henke  (Ref.  D-5)  used  the  Implicit  Function  Theorem  which  de- 
fined (in  their  case  it  was  fixed  gains  only)  from  the  solution  of  the  dif- 
ferential eqviation 


dK^(X) 

dX 


a^J(K^  + XK^)  a^J(K^  + XK^) 

J aK^  ax 


(D-21)'^ 


1 2 

by  starting  with  the  known  terminal  condition  K = K + K for  X = 1 and 
integrating  it  backward  toward  X = 0.  The  method  of  numerical  integration 
used  was  that  which  used  an  Adams -Moulton  Predictor  and  a Newton- 
Raphson  Corrector  to  step  X from  1 to  0. 


The  main  problem  with  this  procedure  is  that  the  evaluation  of  the  second 
partial  derivatives  is  very  costly,  and  gets  out  of  hand  when  the  variable 
gains  are  included.  Another  problem  is  that  the  predictor  or  corrector  steps 
are  sometimes  too  big  and  can  cause  one  plant  or  another  to  go  unstable. 

The  incremental  gradient  procedure  alleviates  this  problem  by  approximating 
the  second  partial  derivatives  (discussed  later),  using  a simple  linear  pre- 
dictor, and  El  variable  step  size  on  the  corrector.  More  than  one  gradient 
direction  per  prediction  step  and  the  variable  gradient  step  size  more  than 
make  up  for  the  approximation  and  prediction  simplification. 

*K,  and  must  be  stacked  up  as  column  vectors  for  this  equation  to 
make  sense.  This  is  assumed. 
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The  incremental  gradient  procedure  is  summarized  in  Figure  D-1  for  a 

single-plant  problem.  Here,  X.  Is  stepped  to  zero  in  fi\^e  steps.  There  are 
12  2 

only  two  gains.  K and  K . We  wish  to  eliminate  K . However,  if  we 
2 1 

eliminate  K without  changing  K , the  system  is  unstable,  and  a gradient 
direction  cannot  be  found.  (Thiu  frequently  happens  in  real-wurld  problems.  ) 

2 

The  first  prediction  step  is  in  the  K direction  only-  (In  practice,  this 
never  presented  a problem. ) A correction  is  made  with  a Newton-Raphson 
gradient  search  using  approximate  second  partial  derivatives  and  a variable 
step  size  determined  from  a parabolic  fit.  The  subsequent  predictions  are 
extrapolations  from  the  initia!*  point  through  the  last  correction  points.  The 
process  continues  for  each  step  in  X.. 


The  predicted  gains  are 


(D-22) 


K.  ®(\..,)  = K.  ®(X.)  + fK.  ^\)-K.  ^(X.  .)1; 
ip  ]+l'  1C  ' 3'  L ic  ' 3'  1C  ' j-1  J ' 


i “ 1,  ....  p 


(D-23) 


where  X^  is  the  value  of  X on  the  j predictor  step,  and  the  initial  prediction 
is  zero.  The  "c"  and  "p"  denote  "corrected"  and  "predicted.  " The  pre- 
dicted gains  are  the  initial  gains  for  the  gradient  search.  The  corrected 
gains  result  from  the  gradient  search. 


For  the  variable  step  size  for  the  gradient  search,  the  performance  index  J 
is  computed  for  three  step  sizes  — 0,  e^,  and  2e^  — and  fit  to  a parabola 


J(e  ) = J(O)  + Ae  + Be' 


(D-24) 
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A minimum  at 


e = -4  (D-25) 

is  computed,  where  A and  B are  a function  of  the  performances  J(0),  J(c^), 
J(2e^)  and  tij.  The  logic  for  halving  and  doubling  the  step  size  for  computing 
these  performances  is  discussed  in  Appendix  I of  Reference  D-1. 


THE  GRADIENT  TRANSFORMATION 

An  aircraft  example  presented  a situation  that  exists  on  many  minimization 
problems.  That  is,  the  performance  contours  are  extremely  ellipsoidal. 
This  causes  a straight  gradient  search  to  converge  very  slowly  or  not  even 
noticeably.  The  ideal  situation  is  to  have  the  performance  contours  be 
spheroidal.  Then  the  gradient  direction  would  be  right  to  the  center  of  the 
spheroid.  This  is  shown  in  Figure  D-2. 


Figure  D-2.  Comparison  of  Gradient  Directions  for 
Two  Performance  Contours 

i ■ 
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If  a performance  contoixr  is  extremely  ellipsoidal,  the  effect  of  a spheroidal 
contour  can  be  realized  by  transforming  the  gradient  vector.  This  effect  is 
also  shown  in  Figure  D-2. 

For  a problem  with  a second-order  minimum,  the  ideal  transformation  is 
that  provided  by  the  Newton-Raphson  gradient  direction,  that  is,  the  inverse 
of  the  matrix  of  second  partial  derivatives.  However,  as  stated  before, 
the  evaluation  of  the  second  partial  derivatives  is  very  costly.  Thus,  an 
approximation  vras  used  that  works  extremely  well. 

An  element  in  the  matrix  of  second  piartial  derivatives  may  be  written  as 
(assuming  for  the  moment  only  a fixed-gains  matrix  for  a single  flight  con- 
dition stacked  up  as  vectors); 


Y = 2R..  M.XM  ”^  + 2 

1 ).-t.  j m 


3K. . 3K 


ij  ‘'-tm 


k.lL  ■“  '“J  'Km 


n 

*2  y 


k 

(D-26) 


= 1 i- 


k=l 
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m 


ax 

3K..^ 


where  X is  the  state  covariance  matrix,  S is  the  adjoint  matrix  and 


R = D QD 


(D-27) 


denotes  row  k of  M,  and  (BX/3K.^^)  denotes  the  column  of  the  partial 


derivative  of  X with  respect  to  K.^ 


li]  k 


The  approximation  neglects  the  last  two  terms  of  Equation  (D-26)  because  the 

partial  derivatives  (3X/3K.  .^)  require  a Lyapunov  equation  solution  for  each 
1 

element  in  K , This  approximation  is  not  a bad  one.  for  the  two  terms  take 
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care  of  any  warping  due  to  the  change  In  X with  respect  to  and  addi- 

tional gradient  directions  will  take  care  of  this  warping. 


To  extend  this  transformation  to  the  fixed-plus-variable  design,  it  must 
include  the  cross-correlation  between  measurements  with  fixed  gains  and 
measurements  with  variable  gains.  To  do  this,  the  gradient  vectors  for 
each  of  r controls  must  be  stacked  up  end  to  end  to  form  a vector 
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where  is  the  row  of  the  fixed-gain  matrix,  is  the  row  of  the 
variable-gain  matrix  for  flight  condition  I,  J is  the  total  cost,  and  J.  is  the 
cost  for  flight  condition  i. 

The  vector  (3J/3K)  has  nj,  + n^  • p elements,  whe'.e  n^  is  the  number  of 
fixed  gains,  n^^  is  the  number  of  variable  gains,  and  p is  the  number  of  flight 
conditions. 

The  transformation  of  the  gradient  for  the  fixed-plus -variable -gain  design 
is  then  the  inverse  of  the  matrix  in  Figure  D-3,  That  is 

(D-29) 


where 


^ijk-tm 


I- 


(D-30) 


In  Equation  (D-30),  is  the  flight  condition  weight,  d^^  is  column  j of  D^, 

Qj^  is  the  quadratic  weighting  matrix  for  flight  condition  i,  and  is  the 
measurement  matrix  for  control  j and  flight  condition  i for  the  fixed  gains  if 
1 = 1,  or  for  the  variable  gains  if  1 = 5.  X.  is  the  covariance  matrix  for 
flight  condition  i. 


Figure  D-4  summarizes  the  incremental  gradient  scheme  using  the  trans- 
formed gradient. 
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Figure  D-3.  Transformation  Matrix  { 


Figure  D-4.  Incremental  Gradient 
Flow  Diagram 
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